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1. INTRODUCTION

l.1 Background. Larqe quantities of wastewater are qgener-
ated during the manufacturing of explosives and propellants;
the loading., assemblv, and pPacking ot munitions; as well as de-
militarization and washout operations. These wastewaters (re-
ferred to as "red water"™ or "pink water" due to their character-
istic color) contain varving concentrations of explosives,
Standard bpractice in the vast has been to disvose o0f these
wastewaters 1in settling lagoons at various U.S. Army installa-
tions. Althoudqh current practice provides for in-plant treatment
of these wastewaters, the 1nactive settling lagoons at numerous
U.S. Army installations are a source of potential dqaroundwater

contamination.

The U.S. Army Toxic and Hazardous Materials Aqency
(USATHAMA) 1S currently evaluating a number of potential remedi-
al action options €or tuture implementation. One option has
emerged as the most promising 1n the near term (i.e., for ain-
stallations requiring remedial action within the next €five
vears). This option is excavation of the soils, followed by
thermal processing 1in a rotaryv kiln incinerator. The U.S. Army
routinely 1nclnerates pure explosives and propellants; however,
previous to this project this technoloay was undemonstrated on
explosives contaminated soils.

1.2 Project objectives. The objectives of the Incineration
of Explosives Contaminated Soils (IECS) project were as follows:

(a) The primary objective of these tests was to demonstrate
the effectiveness of incineration as a decontamina-
tion method for exvlosives contaminated soils.

(b) The secondarv objectives of the project were to:

- Develop a data base and approoriate correlations
for desiqning and predicting the performance ot
tne incinerator as a decontamination method.

- Determine the fate of the explosives and metals in
the contaminated soils during/after incineration.

- Measure pollutant levels in the stack qas to deter-
mine the air poliution control devices that would
be required for 1incinerators that may be used in
the future to 1ncinerate explosives contaminated

so1lls.
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1.3 Criteria for a successful project. The primary objec-

tive of the project is to demonstrate the effectiveness of in-
cineration as a decontamination method for soils which poten-
tially contain concentrations of explosives and associated prod-
ucts of decomposition. Successful demonstration of this goal re-
quires demonstration of the following:

(a) Destruction removal efficiency (DRE) of gqreater than
99.99 percent of explosives in the stack emissions
based on the explosives concentrations in the feed
soil.

(b) Thermal treatment of the contaminated soils such that
the ash residues are not hazardous due to the charac-
teristic of reactivity (as defined in Title 40 CFR,
Part 261, Section 261.23).

(c) Thermal treatment of the contaminated soils such that
the ash residues are not hazardous due to the charac-
teristic of EP toxicity (as defined in Title 40 CFR,
Part 261, Section 261.24).

1.4 Report organization. The information contained within
this report is organized into 11 sections as follows:

Section Title

Introduction

Executive Summary

Test Site

Characteristics of Explosives Contaminated Soils
Description of the Incineration Test Equipment

Experimental Variables

Presentation of Test Burn Data

Comparison of Test Burn Results to Requlatory Criteria
Analysis of Results and Development of Incinerator
Design Criteria

Conclusions/Recommendations

References
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The appendices provide additional data and analysis. Ap-
pendix A provides a detailed summary of the data collected dur-
ing each of the 19 incineration test burns in a mass balance
format. Appendix B provides a detailed description of the ana-
lytical approach utilized to evaluate the test burn results and
to develop simple linear equations for desiqning and predicting
the performance of the incinerator as a full-scale remedial ac-
tion alternative. Appendix C provides referenced sections from
the Federal Register regqarding hazardous waste requlations. Ap-
pendix D provides the molecular structure, preferred nomencla-
ture, and chemical formula for each of the explosives discussed
in this report.

4523A

- e

AN '...\..._'.\;_._.....-.'
" € A" e " g " "

TN A
A. Lt\(L o '.}'j



PR T2 A R Nl i anieh 4 : Lare Y P A A S i Rt I i BRI T A i e A A AR |

: it u
74
WP
o
7
e 2. EXECUTIVE SUMMARY ¥
s :
1

l In August 1982, USATHAMA commissioned Roy F. Weston, Inc.
&ﬁ (WESTON) to develop and implement a program to demonstrate the
o effectiveness of rotary kiln incineration in decontaminating ex-
pPlosives contaminated soils. This program was an unqualified

o success as demonstrated by the following results: 5
. ~:
% (a) It was demonstrated that a "transportable" incineration
X system could be disassembled, transported approxi-

N mately 1,000 miles, be reassembled, and fully opera-

tional within two weeks.

A (b) Nineteen days of formal trial burn testing were com- .

55 pleted within 20 consecutive calendar days with no ta
;§ lost time due to equipment failure. -

ﬁﬁ (c) An additional six days of operation were performed at

s steady-state conditions with no downtime due to -
] equipment failure or malfunction. o

o (d) Comparing the mass of explosives measured in the ash

74 residues and the stack gas to the mass of explosives o

. in the soil feed, the following destruction and re- -
g moval efficiences were demonstrated: b

% - Greater than 99.99 percent destruction efficiency

' in the kiln ash. =

A - Greater than 99.9999 percent destruction efficiency 59

5 in the fabric filter ash.

o - No explosives detected in the stack gas which re- o

55 sults in an overall destruction and removal effi- =

) ciency (DRE) of 100 percent.

(e) sStack emissions were in compliance with all Federal, m
N state, and local regulations including: EN

R - Sulfur dioxide (S0;) -

%, - Hydrogen chloride (HC1) N
' - Oxides of nitrogen (NOy) s

b ~ Carbon monoxide (CO) 'i

i - Particulates
\ (f) Ash residues were not nazardous from the standpoint of ~

EP toxicity or reactivity. Application has been .
filedl with the 1Illinois EPA to allow land ’
application of the ash residues at the Savanna Army N
Depot Activity. W
(< §

w\

<

s

~

e

4 e
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' !. Simply stated, the IECS proqram demonstrated that explosives
()

- contaminated scils can be excavated, thermally decontaminated,
i and the ash residues landfilled on-site in a safe and environ-
?3 mentally acceptable manner.

3288000 A
o

The IECS proaram consisted of seven tasks:

N !3 (a) Task 1 - Incineration Equipment/Test Site Selection
~ (b) Task 2 - Soil Characterization/Reactivity Testing
A (c) Task 3 - Development of Detailed Test Plan/Safety Plan
oo (d) Task 4 - Environmental Permitting
B (e) Task 5 - Evaluation of Materials Handling Procedures
. (€£) Task 6 - Incineration Testing
PR () Task 7 - Evaluation of Results
N
§ The IECS Project Schedule is presented in Fiqure 1. The fol-
R lowing subsections summarize the objectives and results of the
k & first six tasks.
&: £ 2.1 Incineration equipment/test site selection. after a
N comprehensive survey of rotary kiln manufacturers to determine
. the availability of appropriately sized test units, Thermall,
f‘ _ Inc. of Peapack, New Jersey was selected as the incinerator sub-
ii contractor for the project. A major innovation of this project
was the decision to use a "“transportable" incinerator (i.e..
\ equipment disassembled, loaded on trucks, shipped to the test
NN site, and reassembled) as opposed to a "mobile™ incinerator )
N (i.e., truck mounted) or shipment of the contaminated soils to a )
v commercial facility. i
; E! The test site selected was Savanna Army Depot Activity in |
YOS Savanna, Illinois which provided the following advantages: !
SN (a) Remote location well isolated from populated areas. :
v e (b) Close proximity to contaminated soils. 9
. (c) Well controlled access and security. ﬁ
Y
% ;3 Figure 2 provides an overall view of the installed inciner- }
N ation system at the Savanna Army Depot Activity. Figure 3 is a
T, photograph of the front of the ThermAll, Inc. rotary kiln incin-
R AY erator showing the soil feed system in the foreqround. |
X

..’
.

4523A

o OTAS ST 1 o s O G e T e e e T L P S
JJJJML!.L}J m 1.1JL{st&f;f&'luhfn.‘.‘:.’.f;&t\.{\{&'c.':'.‘_‘.'.\'.&'C&{\-'_\',\'_\{L{L'_:J_ L G



2

§: SRR ARSI RTINS | BT RS % BRSNS (R 1

¢

EAININSN

:‘..,_- 2‘!‘ y r

A

FINAIHOS 103r0Hd 1 3HUNOIA

‘ - - L
AR

SR

SRS JO UoRETEAT [

S VO M)

1 Gugseey uopessuy 9 .”.,A
SRUSIEY JO UORENEA] § oA
: g - %
1 1‘ mapeY Vdal sepe - © e
. BuMRLIB [RIVSWILORAUT ¥
T.l.t.ll e Kiopms/usid 199)
money Auuy ‘SN pegeieq j0 Wewdopasq €
Supse) Ayapovey
/SUCREZUSIIERYD) KOS T
UORIOIOG OUS 1901

AON | 100 | 43S | DNV | INF | NN | AVIN | HdV | UV | @34 | NVF | O30 | AON | 100 | d3S
€86} Teec)




:
" v Y
t‘ .
o
W& 4 :"
Stack Vent Steam

a a'a s a's

- .--.
N .
D

v e
. ‘,I
e
: »
- -
o .
. -
3
(%
o

. :::,- FIGURE 2 OVERALL VIEW OF THE IECS INCINERATION TEST EQUIPMENT
A INSTALLED AT THE SAVANNA ARMY DEPOT ACTIVITY

-

o

0y
' [}
A

- S LI Pt
LN

R FIGURE 3 FRONT VIEW OF THE THERMALL, INC.
ROTARY KILN INCINERATOR

Ol 2% 4 A A4 SR |
T

N Y N % el A e
S . R
) q.‘.\‘.\‘,.\‘,'q_‘.\"\ﬂ'.)‘.\ RS §



LY
&
fo)

X

¥;

134
| 'I.'.l

¥

Yo

Y
NPy

£

> &
[ s

3 W

AR 1

» 4
2. e

. e
PN

Soat
A% a

Y,

X0

L

<o
e

By

-4
-

|

A
L) L
A&

,.

N N SR K CRRNY A CCRO RS LN S R W ARG OY

2.2 Soil characterization/reactivity testing. In order to

maximize the usefulness of the results of the project, USATHAMA
decided to test contaminated lagoon soils from two separate in-
stallations with widely varying characteristics (see Table 1).
The two installations selected provided ranges of soil charac-
teristics typical of most other U.S. Army installations.

The contaminated lagoon soils are hazardous because they ex-
hibit the characteristic of reactivity (i.e., potential for det-
onation or explosion). Testing conducted at Allegany Ballistics
Laboratory (ABL) in Cumberland., Maryland confirmed that the la-
gqoon soils are reactive and that special precautions must be
taken in developing materials handling procedures and equipment
design.

2.3 Development of detailed test plan/safety plan. In order
to provide for meaningful evaluation of the incineration test
results, a test plan? was developed which included a syste-
matic analytical avproach to the defined problem. The approach
WESTON followed throughout the completion of the program is de-
picted on Fiqure 4. The nine steps of the analytical approach
can be cateqorized as pre-experimental (steps 1 through 5), ex-
perimental (step 6), and the analysis and conclusions. The vpre-
experimental and exvnerimental steps are addressed in Sections 3
through 6, while the remaining steps are addressed in Sections 7
through 10.

An important activity in the develooment of the test plan
was the selection of key parameters (input variables) to be con-
trolled and held at various levels during testing. These key
parameters were:

(a) Soil feed rate.
(b} Temperature in the primary combustion chamber.
(c) Temperature in the secondary combustion chamber.

These key parameters were selected since they directly re-
late to the economics of incineration (i.e., how much can be
burned, how gquickly can it be burned, and how much fuel is re-
quired?).

Other test variables were held constant to the extent possi-
ble. Test variables that could not be held constant were meas-
ured during the test as illustrated in the test plan schematic
diagram (Figure 5).
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TABLE 1., CHARACTERISTICS OF EXPLOSIVES CONTAMINATED SOILS

W »
v IS

¢!
. Louisiana Army

[ Savanna Army Depot Ammunition Plant
Y Description Activity (SADA) (LAAP)
V:" ’Ta Soil Matrix Sand Clay

Moisture Content? 12 - 26% 25 - 30%

} 1
gk Ash Content 44 - 83% 54 - 66%
, (as received)
L [
s & Explosives Contentl
. (dry basis)
R - TNT 9 - 41% 5 - 14%
SN
& - RDX <0.02% 3 - 10%
4 -~

i - HMX Not Detected 0.6 - 1.4%
§ 3 - other <0.03 <0.06%
TN - Total Explosives 9 - 41% 10 - 22%
N

Heating Value 50 - 2,400 Btu/1lb 600 - 1,200 Btu/lb

(as received)

(.

o ol A

=

lyolecular structure of TNT, RDX, HMX, and other relevant ex-
plosives are provided in Appendix D.

2Moisture content for soils are based on samples taken from the

]

SO . . . : . .
. :§ soil prior to feeding into the incinerator.
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From the outset, USATHAMA assigned personnel safety the
highest priority for this project. In this reqard, a detailed
site plan and safety submission3 were developed and reviewed
and approved by the Derartment of Defense Explosives Safety
Board.

2.4 Environmental permitting. Recognizing the importance
of Federal and state environmental concerns, the IECS project
was structured to be fully responsive to the requirements of the
Resource Conservation and Recovery Act (RCRA) of 1976 and the
Illinois Air Pollution and Hazardous Waste Management Requla-
tions. As shown in the project schedule, the environmental per-
mitting4 was an extremely riqorous and time-consuming process.

2.5 Evaluation of materials handling procedures. The pri-
marv objective of this task was to evaluate, design, and imple-
ment materials handling procedures that emphasized personnel and
environmental safety. There were four major goals:

(a) Minimize personnel contact with the lagoon soils.

(b) Avoid confining the lagoon soils (which could lead to
detonation).

(c) Avoid any initiatinqg forces (i.e.. friction, heating
under confinement, etc.).

(d) Contain any spills and minimize contamination of clean
areas.

The test plan2 was developed assuming the use of a screw
conveyor to feed the contaminated soils into the incinerator.
However., subsequent soil reactivity testing at ABL led to can-
cellation of the screw conveyor due to safety considerations.

A soils handling protocol and a bucket feed system were de-
signed specifically for this test program which met all of the
test objectives and safety requirements. During the course of
the test program, the feed system cycled over 4,000 times with-
out a single failure.

2.6 Incineration testing. The incineration testing com-
menced on 19 September 1983. Nineteen daily tests were completed
in 20 consecutive calendar days with no time lost due either to
incineration or sampling equipment failure. Table 2 provides a
summary of the test dates and controlled process variables for
each of the 19 test runs. Since explosives contaminated soils
had never been incinerated previously, a preliminary test run
{Test Run No. 1) was conducted at the provosed maximum soil feed
rate (500 pounds per hour) and the proposed minimum primary kiln

-~
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temperature (80CCF) to determine whether explosives break-
through would be detectable in the stack gas. Explosives were
not detected in the stack gas; however, low concentrations of
explosives were detected in the primary kiln ash (6.48 ppm), in
the fabric filter ash (26.27 ppm), and in the flue gas entering
the secondary chamber (195.9 ppm). Therefore, all subsequent
tests were run at lower soil feed rates and higher primary kiln
temperatures to ensure that no explosives would be released to
the environment.

After the formal testing was completed on 8 October 1983,
an additional 25,000 pounds of lagoon soils were incinerated
from 10 to 15 October 1983 (64 actual hours of processing soil).
The objectives of burning the additional lagoon soils were two-

fold:

(a) Thermally treat all lagoon soils that had been excavat-
ed but not required during the formal testing.

(b) Determine the operational characteristics of tlie incin-
erator system under a longer term, steady-st-te pro-
duction mode of operation.
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3. TEST SITE

-

AN The incineration test was conducted at the Savanna Army De-

- pot Activity (SADA) which is located near Savanna, Illinois. The

ST location of SADA is identified on the map represented in Figure
6. The incinerator test site is shown in Figure 7. The relation-

G - ship between the lagoons from which the soil was excavated and

S the incinerator test site is shown in Figure 8.

TR The selection of the test site was somewhat predicated by

. the selection of contaminated soils that were to be incinerated.

‘ The options evaluated included:

4T

a $3 (a) Testing at SADA which would require manifesting the

. LAAP soils.

S (b) Testing at LAAP which would require manifesting the

ool SADA soils.

N » (¢) Testing at another U.S. Army installation which would

. require manifesting both soils.

S (d) Testing at a commercial 1incineration facility which

A would also require manifesting both soils,

o Performing the incineration test burn at SADA using a tempo-
.l rary, transportable incinerator was the selected option for the
following reasons:

oo (a) Based on discussions with the Illinois EPA and EPA, Re-
MLV gion V, both agencies indicated that they would be
“ more receptive to approving a temporary, short-term
‘ trial burn on-site rather than revising the permit
2N for an existing facility to allow burning of explo-
K sives contaminated lagoon soils.
LN (b) There was less probability of adverse public reaction/
AR public hearings if the material was burned on-site
{ - in a temporary incinerator rather than at a commer-
cial facility.
S (c) The government would potentially be exposed to a higher
S, degree of liability by performing the test off-site

at a subcontractor's facility.

(d) The government would have less control of the safety
procedures by performing the test off-site.

(e) Additional handling, transportation, and storage of the
lagoon soils would be required by performing the test
off-site which increases the potential risk regard-
ing safety of personnel and equipment,
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‘ne 4. CHARACTERISTICS OF EXPLOSIVES CONTAMINATED SOIL %?
[eud
R In the 19 May 1980 Federal Register, page 33123, K044 1
o (wastewater treatment sludges from the manufacturing and proc- R
w0 essing of explosives) is listed as & hazardous waste because it
' exhibits the characteristic of reactivity. The characteristic
N of reactivity is defined in 40 CFR 261.23 as exhibiting any of L
:‘_I the following properties:
\’ (a) Normally unstable and readily undergoes violent change
3 without detonating. .
‘ (b) Reacts violently with water. i
7 (c) Forms potentially explosive mixtures with water. .
o~ (d) When mixed with water, generates toxic gases, vapors, -::
.-: or fumes in a quantity sufficient to present a danger T
N to human health or the environment.
:’,’2 (e) A cyanide~ or sulfide-bearing waste which, when exposed =
": to pH conditions between 2 and 12.5, can generate 1
toxic gases, vapors, or fumes in a quantity suffi-
:3:.‘, cient to present a danger to human health or the en- ‘"
2% vironment., o
X (£) Capable of detonation or explosive reaction if subject- -
~ ed to a strong initiating source or if heated under ,
confinement, =
- (g) Readily capable of detonation or explosive decomposi- E
: tion or reaction at standard temperature and pres-
sure, 5
s (h) A forbidden explosive as defined in 49 CFR 173.51, or a >
L Class A explosive as defined in 49 CFR 173.53, or a
: Class B explosive as defined in 49 CFR 173.88. -
;:_: The lagoon soils also contain explosives and products of ex-
4= plosives decomposition that are specifically listed in 40 CFR ,
o 261, Appendix VIII, as hazardous constituents. These Appendix ::
B’ VIII hazardous constituents could potentially include the fol- o
” lowing:
w5 (a) Dinitrobenzene (DNB)
- (b) 2,4-Dinitrotoluene (2,4-DNT)
e (c) 2,6-Dinitrotoluene (2,6-DNT) .
o0y (d) Nitrobenzene (NB)
= (e) Trinitrobenzene (TNB) -
::;ei
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_ ; In order to gain as much meaningful information from the
"o IECS testing proqram as is vractical and to allow proper sta-
AR tistical interpretation of the results, it was decided that the
RN entire series of test runs would be replicated using a soil from
# ¥ another U.S. Army 1nstallation with properties and characteris-
tics widely varving from those of the SADA sol1l. The Louislana
oy . Army Ammunition Plant (LAAP) was selected as the second source
> N of contaminated soils. Table 3 provides the SADA so0il analvyses
"y . . . . j .
B, based on composite sampling conducted during 10 separate incin-
: N erator test burns, Table 4 provides comparative data for the
N LAAP sol1l based on composite sampling conducted during nine
separate incinerator test burns. Data for the 1individual test
X EC burns are provided i1n Appendix A,
‘_‘_: h As shown in Tables 3 and 4 these two soils provide widely
varyinqg ranges of properties. Tvypically, the SADA soil is a
Y drier, sandy soil with higher TNT concentrations but little or
N no HMX or RDX, whereas the LAAP soi1l 1is typically a more con-
% sistent, moist, clay-pased so1l with relatively higher HMX and
A \, RDX concentrations, and slightly higher metals content.
N
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-"$ TABLE 3. SAVANNA ARMY DEPOT ACTIVITY SOIL ANALYSIS
.‘.J
: Total Analysis .
S -
"
1

Detection
N Parameter Range of values limitl
b Moisture, % 11.7 - 26.3 --- w
“i Ash, % as received 44.5 - 82.5 -—--
X Ash, % dry basis 60.5 - 95.6 --- o,
N Heatinq Value, Btu/lb as received ND2 - 2,364 50 N
) ~ -
= Elemental Analysis (Dry Weight Basis) RN
£ |
'3:“ ,':‘:
L Detection =1
N Parameter Range of values limit
A 7,
>, iy
15 »,
i Sulfur, % ND 0.01 ‘
X Caroon, $ 2,68 - 12.70 -——- -
. Hydrogen, % 0.28 - 0.79 -——- -
, Nitrogen, % 1.01 - 6.03 -—— >
o Total Chlorine, % ND - 0.12 0.01
2 2
s !
o Heavy Metals Content (Dry Weight Basis)
’ ~
y
:’, Detection .
e Parameter Range of values limit .
b Barium (Ba), pom 17 - 29 - "
" Cadmium (Cd), ppm ND 3.9 =
N Chromium (Cr), ppm ND - 13 5.9
. Copper (Cu), pom ND - 30 10.4 "
o Lead (Pb), ppm 16 - 100 -—- "
T Zinc (2n), opm 32 - 160 -——- -
" Arsenic (As), ppm ND 5.7
o Selenium (Se), ppm ND 5.0 =
oY Mercury (Ha), ppm ND 0.5 e
§~:
L] )
:- .
N 22 ;:3
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TABLE 3. (CONTINUED)

Explosives Analysis (Dry Weight Basis)

Detection

Parameter Range of values limit
2,4,6-Trinitrotoluene (TNT), ppn 88,100 - 406,000 ——
HMX3, ppm ND 15.9
RDX3, pom 28.6 - 145 -
1.3,5-Trinitrobenzene (TNB), ppm 90.7 - 256 -—-
l1,3-Dinitrobenzene (DNB), ppm ND - 35.1 7.39
Nitrobenzene (NB), ppm ND 5.26
2-Amino-4,6-Dinitrotoluene
(2-Amino), ppm ND - 27.9 3.64
2,6-Dinitrotoluene (2,6-DNT)., pom ND 5.03
2,4-Dinitrotoluene (2,4-DNT), pom ND 5.20

lpetection limit listed only for parameters not detected.

2ND - Not detected (i.e., sample concentration below the detec-
tion limit).

3Refer to Appendix D for the structures of HMX and RDX.
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TABLE 4. LOUISIANA ARMY AMMUNITION PLANT SOIL ANALYSIS

Total Analvysis R

Detectlon
Parameter Range of values 11mitl

Moisture, % 25.1 - 29.5 --- <
Ash, % as received 54.3 - 66.0 -—-

Ash, % dry basis 77.1 - 88.1 -—- o
Heating Value, Btu/lb as received 582 - 1,172 -——- -

Elemental Analysis (Dry Weight Basais) _Q

Detection ﬁ
Parameter Range of values limit

Sulfur, % NDZ2 - 0.01 0.01
Carbon, % 5.08 - 7.66 ——— -
Hvdrogen., % 0.66 - 1.05 -—— )
Nitrogen, % 2.52 - 6.72 - -’
Total Chlorine, % ND - 0.37 0.01

Heavy Metals Content (Dry Weight Basis)

e
\y
Detection .
Parameter Range of values limit -
N

Barium {(Ba), ppm 98 - 150 ———

Cadmium (Cd), pom ND - 13 3.9

Chromium (Cr), pom 17 - 23 _———
Copper (Cu), ppm 42 - 65 - ~,
Lead (pb)' ppm .1.00 - 160 - ‘:':
2inc (Zn)., ppm 140 - 310 ——- -
Arsenic (As), ppm ND 5.7 .
Selenium (Se), ppm ND 5.0 i
Mercury (Ha). ppm 2.2 - 3.4 -——- .
"
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TABLE 4. {CONTINUED)

.....

Explosives Analysls (Dry Weight Basis)

Detection

Parameter Ranqge of values ilimit
2:,4,6-Trinitrotoluene (TNT). ppm 55,100 - 142,000 -
HMX3, pom 5,740 - 13,500 -—-
RDX3, pom 33,100 - 96,500 -
1.,3,5-Trinitrobenzene (TNB)., ppm 57.0 - 139 -——
1,3-Dinitrobenzene (DNB), ppm ND - 22.4 7.39
Nitrobenzene (NB), ppm ND 5.26
2-Amino-4,6-Dinitrotoluene
(2-Amino)., ppm ND - 588 3.64
2,6-Dinitrotoluene (2,6-DNT)., pom ND 5.03
2,4-Dinitrotoluene (2,4-DNT), vom ND 5.20

lpetection limit listed only for parameters not detected.
2ND - Not detected (i.e., sample concentration below the de-

tection limit).

3Refer to Appendix D for the structures of HMX and RDX.
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5. DESCRIPTION OF THE INCINERATION TEST EQUIPMENT

WESTON evaluated 44 potential incinerator equipment suppli-
ers located in 16 states, and selected ThermAll, Inc. of Pea-
pack, New Jersey as the recommended incineration equipment sub-
contractor. A layout of the ThermAll incineration equipment is
illustrated in Figures 9 and 10. As shown in Figure 10, the sys-
tem components include the following:

(a) Soil Feed System

(b) Primary Combustion Chamber (Rotary Kiln)
(c) Secondary Combustion Chamber (Afterburner)
(d) Heat Exchanger

(e) Fabric Filter Collector

(f) Induced Draft Fan and Stack

5.1 Soil feed system. The soil feed system selected and
designed for this test consisted of a pneumatic ram feeder uti-
lizing a standard 12 quart galvanized steel mop pail to contain
the contaminated soil (see Figure 9)., This system was selected
for the following reasons:

(a) Traditional feed systems (e.g., screw feeders, ram
feeders, etc.) would expose the contaminated soil to
frictional forces and/or confinement which was unac-
ceptable from an explosives safety perspective,.

(b) The mop pail provided a convenient container for exca-
vating the soils, transporting the soils to the site,
and loading into and unloading from the feed system
with minimum potential for personnel contact or
spillage resulting in contamination of clean areas.

Figure 11 is a photograph taken inside of the primary cham-
ber showing the feed system in operation. The design of materi-
als handling and incinerator feed systems for a full-scale reme-
dial action project is the subject of other on-going USATHAMA
studies and will not be addressed in this report.

5.2 Primary combustion chamber (rotary kiln). The primary
combustion chamber 1is a rotatable refractory-lined cylinder
which 1s mounted at a slight incline to the horizontal, The
chamber size is approximately 4.5 feet outside diameter by 8.5
feet in length., The rotation of the chamber was variable via a
Silicon Controlled Rectifier (SCR) drive between 0 and 4 rpm.
Facing the feed end of the primary chamber, the kiln rotated in
a counter-clockwise direction so that the freshly fed soil ro-
tated directly into the flame (see Figure 11).
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"{ﬁ Induced Dratft Fan 2-6" | 2-6" | 3-6"
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The chamber volume of 75 cubic feet is further complemented
by the end panel volume of 15 cubic feet for an actual combus-
tion volume of 90 cubic feet. Primary combustion chamber temper-
atures were variable and determined by the heat content of the
soil as well as a modulating propane-fired burner mounted on the
front panel of the kiln.

In order to maintain a specific processing temperature, the
burner automatically fired or remained in low-fire mode if the
temperature could be maintained by the soil alone. The burner is
rated at 1.5 million Btu per hour. Air seals are permanently
fixed on the rear of the kiln and are variable on the front of
the kiln so that a wide range of excess air capability was
available. Normal kiln temperature ranges are between 800°F
and 1,900°F,.

The end panel is a stationary refractory-lined structure
which connects the primary combustion chamber (rotary kiln) to
both the ash discharge and the secondary combustion chamber.
The lower section of the panel has an 18-inch by 25-inch
opening which allows the ash generated in the kiln to automati-
cally discharge to a DOT-approved 55-gallon drum ash receptacle.
Ash drum removal occurred periodically during the test runs and
allowed continuous feeding of the system without stopping for
ash removal. The upper section of the end panel connects to the
secondary combustion chamber.

5.3 Secondary combustion chamber (afterburner). The sec-
ondary combustion chamber is a stationary refractorvy-lined cyl-
inder connected to the primary combustion chamber via the end
panel. The chamber houses a second modulating propane-fired
burner which was controlled by a thermocouple located in the
discharge duct of the chamber. The burner is positioned in the
entry to the chamber in a tangential arrangement so that the
waste gases discharged from the end vanel passed through the
flame and provided additional turbulence to these gases. The
chamber is lined with high alumina refractory, allowing tempera-
tures of up to 3,000°F. The chamber volume is approximately
90 cubic feet, and residence time, depending on gas tempera-
tures, varied between 1.0 and 2.0 seconds. As with the primary
combustion chamber, the burner provided 1.5 million Btu per hour
at full fire.
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5.4 Heat exchanger (waste heat boiler). The flue gases

discharged from the secondary combustion chamber were directed,
via refractory-lined duct work, to a heat exchanger. The heat
exchanger was utilized to recover the waste heat in the flue gas
in the form of low-pressure steam and, more importantly, in so
doing reduced the flue gas temperature to 300 to 3509F. Thus,
the flue gas was cooled without the use of dilution air and/or
quench water. The lowering of flue gas temperature and corre-
sponding flue gas volume protected the fabric filter bags and
allowed the downstream ductwork and equipment to be of reduced
size and capital cost. The waste heat boiler is of the three-
pass fire tube design.

5.5 Fabric filter collector. Particulate matter was con-
trolled by a fabric filter manufactured by Micro Pulse. It con-
tains 64 "Huyglas" (glass and Teflon) bags 10 feet long by 4.5
inches in diameter. The bags were precoated with CaCO3, pulse
jet cleaned, and designed for 99-percent control down to a par-
ticle diameter of 0.5 um. The bag material was capable of with-
standing 500°F peak temperature and a sustained maximum tem-
perature of 425°F., The inlet temperature was maintained at a
minimum of 300°F to avoid acid dew-point problems.

5.6 Induced draft fan and stack. Following the fabric fil-
ter, the gas passed through an induced draft fan (with a maximum
flow rate of 2,800 acfm), a damper, and then to a 24-foot tall
by l2-inch diameter unlined stack. The duct work leaving the
heat exchanger contained a motorized damper which was electri-
cally driven from the draft signal generated in the end panel.
Thus, draft was automatically maintained throughout the system
operation.

A dump stack was provided immediately upstream of the heat
exchanger in case emergency bypass was required. Upon loss of
system electrical power, the dump stack opened to provide natu-
ral draft to evacuate the hot gases from the incinerator. This
is not a normal mode of operation and incinerator shutdown pro-
cedures would commence immediately.
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6. EXPERIMENTAL VARIABLES

In order to properly design and implement any field test,
important questions must be answered so that the data obtained
during the experiment can be evaluated and meaningful results
obtained. These questions are:

(a) What are the experimental variables for the test?

(b) Which test variables can be easily controlled and held
constant throughout the tests?

({c) Which test variables are most critical to the analysis
and can be controlled and held constant at various
levels throughout the tests?

(d) Which test variables are impractical to control and
must be allowed to vary randomly throughout the
tests?

{e) What are the response variables (i.e., the measurements
that will be made throughout the tests)?

This section of the report provides a summary of the ap-
proach taken to answer these questions., Table 5 provides a sum-
mary of the experimental variables for the IECS test burn pro-
gram. The following subsections describe each of the experiment-
al variables listed in Table 5.

6.1 Test variables to be controlled and held constant.

6.1.1 Soil preparation. It was important to establish a
consistent soil preparation procedure so that variability in the
manner in which the soil was removed from the lagoons and han-
dled prior to introduction into the feed system did not bias the
results of the incineration tests.

6.1.1.1 Preparation of the SADA soils. There are six la-
goons located at SADA (four lower lagoons and two upper la-
goons). The SADA soil for the IECS test burns was excavated
from the upper lagoons (specifically Lagoon No. 5) for the
following reasons:

(a) The explosives concentrations are higher in the upper
lagoons,

(b) There is less susceptibility for standing water in the
upper lagoons, a condition which would impede excava-
tion of the soils.

(c) There 1is less depris (i.e., Jeaves, sticks, rocks,
etc.,) in the soil from the upper lagoons, which im-
proves the materials nandling characteristics.
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. . TABLE 5. SUMMARY OF THE EXPERIMENTAL VARIABLES
. FOR THE IECS TEST BURN
¥
N

Variables to be Controlled and Held Constant

% ® Test
h-
- Soil Preparation

N Kiln Rotation Rate
SN Fuel Composition

® Test Variables Held Constant at Various Levels
P
. {; Incinerator Feed Rate
o Primary Chamber Temperature
S Secondary Chamber Temperature
L] ° Test Variables Allowed to Vary Randomly

Soil Feed Composition
Kiln Ash Residence Time
Flue Gas Residence Time
ST Percent Excess Air

! Fuel Input Rate

sted ¢ . 4 a K%

<
Y ° Response Variable Measurements to be Made
' [S]
X Ln',
e ash Residue Analyses
F - Primary Chamber
RS - Fabric Filter
{ v Flue Gas Analyses

- Before Secondary Chamber
- Before Fabric Filter
- Stack

L res
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The SADA soil was excavated manually using plastic shovels.
Prior to excavation, the soil was surveyed with a magnetometer
to detect any metal objects/unexploded ordnance. The soil was
loaded directly into the l2-quart mop pails and transported to
the incineration test site in the back of a pick-up truck that
had a specially designed "egg crate”™ wooden frame that held 30
buckets securely. At the incineration test site, the buckets
were stored on plastic sheeting and covered with plastic until
loaded into the feed system. The soil was excavated daily for
the following day's test,

The soil feed rate was determined by weighing each individu-
al bucket before and after feeding to obtain an actual net
weight of soil fed. A sample was taken from each individual
bucket prior to weighing. The feed samples were then combined to
form a composite sample for each run.

6.1.1.2 Preparation of the LAAP soils., The LAAP soils were
excavated by LAAP personnel, manifested, and transported to the
incineration test site in DOT-approved, 55-gallon drums with
plastic liners., Fifty drums of soils were manifested and shipped
simultaneously and were unloaded on wooden pallets in the upper
lagoon area,

The LAAP arums were individually dumped into a galvanized
steel tank by a fork lift with a specially designed 1lifting
harness., The LAAP so0ils were manually loaded into l2-quart mop
pails using aluminum scoops. All metal objects (i.e., ammunition
box hinges, flashlight batteries, etc.) were removed. The LAAP
solls were transported to the incineration test site and fed to
the incinerator in the same manner described for the SADA soils.

6.1.2 Kiln rotation rate. The kiln rotation rate was an
important factor in establishing the soils residence time within
the primary combustion chamber. This parameter was held at a
constant value of approximately four revolutions per hour for
all of the test runs., This corresponded to an ash residence time
in the primary chamber of approximately 50 minutes to 2 hours.

6.1.3 Fuel composition. The fuel for the burners in the
primary and secondary combustion chambers was propane. The pro-
pane was stored at the test site in four propane storage tanks
provided by Thermogas. The propane had a heating value of 21,560
Btu per pound or approximately 2,500 Btu per cubic foot.
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6.2 Test variables held constant at various levels. Three
variables were selected as the most important factors in evalu-
ating the economic feasibility of incineration of explosives
contaminated soils. These variables were incinerator feed rate
and primary and secondary chamber temperatuers. These factors
directly related to the length of time necessary to decontami-
nate a fixed quantity of soil and the projected fuel consump-
tion. Therefore, the test runs included three separate levels
for each of these three variables. A summary of the test dates
and controlled process variables for each of the 19 test runs
was provided in Table 2. The following subsections discuss the
level and operating ranges for these three variables.

6.2.1 Incinerator feed rate. The test plan2 was devel-
oped assuming the use of a screw conveyor to feed the contami-
nated soils into the incinerator. However, subsequent soil reac-
tivity/sensitivity testing at ABL led to cancellation of the
screw conveyor due to safety considerations. Feed rates of up
to 800 pounds per hour were proposed for the screw conveyor
feed system since it would meter the soil into the primary
chamber in a consistent fashion. However, with the bucket feed
system used for the IECS test runs, the feed rate had to be
reduced since the material was bulk loaded at 2- to 3-minute
intervals. A maximum of 500 pounds per hour was proposed.

Since explosives contaminated soils had never been inciner-
ated previously, a preliminary test run (Test Run No.0-1) was
conducted on 19 September 1983 at the proposed maximum soil feed
rate (500 pounds per hour) and the proposed minimum primary kiln
temperature (8000F) to determine whether explosives break-
through would be detectable in the stack gas. No explosives were
detected in the stack gas; however, the following adverse re-
sults did occur:

(a) Explosives were detected in the kiln ash (6.48 ppm).

(b) Explosives were detected in the fabric filter ash
(26.27 ppm).

(c) Explosives were detected in the flue gas entering the
secondary chamber (195.9 ppm).

(d) Based on physical observations the soil did not appear
to burn well (see Subsection 7.5.3).

(e) The kiln ash was black with 1large "clinkers" up to 6
inches in diameter.

(f) The ash had a strong ammonia smell,
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D For these reasons it was decided that all subsequent runs o
) would be conducted at feed rates no higher than 400 pounds per
}gﬁ hour and primary chamber temperatures no lower than 1,2000F -
.334 to ensure that further contamination of downstream equipment <.
s (i.e., waste heat boiler, fabric filter, etc.) would be mini-

B mized and to ensure that no explosives would be released to the .
2N atmosphere. Therefore, the feed rates selected for evaluation o
o were 300, 350, and 400 pounds per hour. °
&5 |
tfﬁJ 6.2.2 Primary chamber temperature. Primary chamber temper- j{‘
L atures could be varied between 8009 and 1,9009F. However, N
. due to the discussion presented in Subsection 6.2.1, the poten-

:;' tially high moisture content of the soil, the fact that previous e
Loy studies have shown that explosives volatilize at relatively low e
2_24 temperatures, and the presence of the afterburner downstream, )
R the kiln temperatures selected for evaluation were 1,200°F, ..
S 1,4000F, and 1,6V00°0F, Additionally, these temperatures .

» would be practical for future full-scale remedial action proj- -
'Qg ects.

Y 6.2.3 Secondary chamber temperature. The secondary chamber :
N burner limited operation to a maximum of 2,200°F. The second-

N ary chamber temperatures selected for evaluation were =

; 1,600°F, 1,800°¢F, and 2,000°F. For the IECS test program -~
P it was established that for all test runs the secondary chamber -

4§$ would be operated at 400°F above the primary chamber tempera- .

X ture. This decision was made for the following reasons: o

Fag' et

Jbﬂ (a) Introduction of a fourth controlled variable would in-

' crease the number of matrix runs required from 18 e
*q} (i.e., kiln temperature - three 1levels, soil feed R
" rate - three levels, and soil type - two levels) to
oA 54 which would be impractical. .
Etf (b) Variation of the secondary chamber temperature inde- T

pendent of the kiln temperature is mnot practical
- since the afterburner cannot be operated at a lower
S temperature than the kiln without cooling the gas, -
and the maximum amount of incremental temperature in-
crease is limited by the capacity of the secondary
burner., .
(c) Industrial practice with rotary kiln incinerators has N

A
W \. . l.. " 1

il
£

P

. shown that operation of the secondary chamber at ap-
AN proximately 200 to 400C%F above the Kkiln tempera- .
"0y ture provides for cost-effective supplementary fuel -
o utilization consistent with effective destruction of -
5 flue gas contaminants (i.e., carbon monoxide and hy-
Cola drocarbons). -
o4 s
e
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6.3 Test variables allowed to vary randomly.

6.3.1 Soil feed composition. The explosives, moisture,
-, and metals concentrations in the soils were the "as received"
levels and no attempt was made to adjust these variables. Two
distinctively different types of soils were tested from two sep-
= arate Army installations. The characteristics of the soils were
oo presented in Section 4,

55 N 5
-

)‘-.
Y
R 6.3.2 Kiln ash residence time. The kiln ash residence time
'j o was a function of incinerator feed rate, kiln rotation rate, the

ash density, and the angle of repose of the material. Since the
\ kiln rotation rate was held relatively constant at four revolu-

5— oy tions per hour, the primary factors affecting kiln ash residence
N time was ash characteristics (i.e., density and angle of repose)
) and feed rate. As shown in Subsection 7.2.3, tne kiln ash resi-
TN dence time varied from 54 to 114 minutes for the SADA test runs
- and from 49 to 120 minutes for the LAAP test runs.

bS

NI 6.3.3 Flue gas residence time. The flue gas residence time
O within the secondary chamber was a function of fuel burn rate,

- amount of organics oxidized from the soil, the soil moisture
. content, the amount of excess air, and the secondary combustion
chamber temperature and volume. As shown in Subsection 7.2.4,
the flue gas residence times in the secondary combustion chamber
- varied from 1.0 to 2.0 seconds,

1
' ¥

o,

R 6.3.4 Percent excess air. The percent excess air is a
i measure of the amount of additional oxygen available above and
beyond the amount required for stoichiometric combustion of the
fuel and oxidation of the organics in the sediment. Due to the

j: 3 high degree of variability of organics content of the soil
N (i.e., explosives concentration), no attempt was made to main-
e tain constant excess air levels. However, to ensure an adequate
DI supply of combustion air to oxidize the explosives in the soil
and the flue gas, excess air rates of 100 to over 200 percent

- were provided in the primary combustion chamber., Excess flow
e rates in the flue gas leaving the secondary combustion chamber
j? ) were approximately 100 percent.

‘e 0l 6.3.5 Fuel input rate. Tne fuel input rate was a function

S of the heat content of the soil (i.e., explosives concentra-

= tion), the moisture content of the soil, the air flowrate, heat
;i 5 losses, and the selected primary and secondary combustion cham-

N ber temperatures. Once the incinerator reached steady-state con-
e ditions, the primary and secondary chamber burners modulated, as

2,

R
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required, to automatically maintain the temperature set points,
Total fuel input rates varied from 500 to 1,300 cubic feet per
hour of propane during the test runs.

6.4 Response variables. The response variables are the
various ash residue and flue gas analyses as shown in Figqure 5.
The detailed sampling and analysis techniques employed were pre-
sented in a previous document® and will not be repeated 1in
this report.

There was only one deviation from the referenced sampling
and analysis plan®. The on-site total hydrocarbon analyses
were performed on aliquots of the integrated gas samples col-
lected in the EPA Method 3 sampling trains rather than on the
explosives/hydrocarbon train bag samples as originally planned.
This procedure change was necessitated because the bag samples
from the explosives/hydrocarbon trains picked-up acetonitrile
vapors (from sample recovery activities) which interferred with
the determination of total hydrocarbons.

Acetonitrile was confirmed in the bag samples from the ex-
plosives/hydrocarbons trains which were sent to WESTON's West
Chester, Pennsylvania laboratories. No other deviations from the
sampling/testing and analysis plan were necessary.
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7. PRESENTATION OF TEST BURN DATA

7.1 Summary of test burn data., The test burn dates and K
controlled process variables (i.e., soil feed rate and primary K
and secondary chamber temperatures) were summarized in Table 2. .
Figures 12 and 13 provide the average data for the nine test
burns on SADA soil (Test Matrix Nos. 1-1 to 1-9) and the nine .
test burns on LAAP so0il (Test Matrix Nos. 2-1 to 2-9), respec- :
tively. These figures summarize the data in a material balance
format and provide a complete summary of the composition of the
feed and waste streams and the flue gas sampling results. An in-
dividual material balance diagram for each of the 18 test burns
summarized in Figures 12 and 13, as well as the preliminary test
burn (Test Matrix No. 0-1) is provided 1n Appendix A.

e Fog 8 € v

7.2 Presentation of data and calculation procedures.

7.2.1 Emission testing periods. Table 6 summarizes the ac- i
tual emission testing periods and propane fuel consumption of :
the primary and secondary burners. The emission testing periods
shown on Table 6 do not include the pre-test warm-up and post-
test cool-down time, The pre-test warm-up took up to 3 hours de-
pending on the required kiln temperature. Once the desired oper- 2
ating conditions were achieved and soil feed commenced, equi-
librium conditions were maintained for 60 minutes prior to
starting the emission testing. As shown in Table 6, the duration
of the actual emission testing ranged from approximately 2 to 3
hours. After the emission testing was completed, the soil feed
was discontinued and equilibrium conditions were maintained for

an additional 60 minutes to ensure that the ash in the kiln was \
properly processed. The post-test cool-down took up to 3 hours .
to ensure that the temperature of the refractory was reduced -
gradually.

The propane burn rate data presented in Table 6 was calcu-
lated based on the gas meter readings at the start and finish of
the emission test period. The propane burn rate is for both the
primary and secondary burners combined. The heating value of the
propane was 21,560 Btu per pound or approximately 2,500 Btu per
standard cubic foot.

7.2.2 Actual soil feed rate and ash production data. The
actual soil feed weights and the respective total kiln and fab-
ric filter ash weights are listed in Table 7 for each of the
test burns. The average soil feed rate for each test was calcu-
lated by dividing the total soil fed by the total time soil was
fed, Although these average feed rates do not account for in-
stantaneous feeding surges (i.e., one bucket of soil every 2 to
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L TABLE 6. SUMMARY OF ACTUAL EMISSION TESTING PERIODS
- AND PROPANE FUEL CONSUMPTION
(EXCLUDES PRE-TEST WARM~UP AND POST-TEST COOL-DOWN)

R
Emission Emission Emission Propane burn
testing testing test rate during
Matrix Test start stop duration emission testing
number date time time (hr) (£t3/hr)
0-1 9/19 13:15 16:30 3.25 481.6
1-1 9/21 10:45 13:10 2,42 904.7
1-2 10/4 9:30 11:45 2.25 941.3
1-3 9/20 10:45 13:30 2.75 714.3
1-4 9/23 12:50 15:06 2.27 982.4
1-5 9/27 10:15 12:42 2.45 723.2
1-6 9/22 10:15 12:44 2.48 924.8
1-7 9/29 10:50 13:15 2,42 986.9
1-8 10/3 11:29 13:59 2.50 1151.6
1-9 10/1 10:15 12:35 2,33 1083.4
Iy
MR 2-1 9/26 11:31 13:57 2.43 846.2
A 2-2 10/8 8:45 11:00 2,25 944.1
N 2-3 10/6 9:45 12:00 2,25 997.2
-2 2-4 10/2 9:04 11:15 2.18 1130.1
s 2-5 10/5 9:45 12:00 2,25 1156.7
! 2-6 9/24 11:42 14:15 2.55 954.8
AN 2-7 9/28 11:00 13:27 2,45 1086.3
AL 2-8 9/30 10:15 12:30 2.25 1211.9
‘;}f 2-9 10/7 10:30 12:34 2,07 1282.6
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3 minutes), they are representative due to the relatively long
residence time of the ash in the kiln. The calculated average
feed rates are used in Section 9 to analyze the data, as well as
similarly calculated kiln and fabric filter ash discharge rates.

The inconsistency of ash removal from the fabric filter is
evidenced by the amount of ash (116 pounds or 10 times the actu-
al daily fabric filter ash discharged) removed during the dis-
manteling of the system. This ash was distributed equally among
all of the daily fabric filter ash weights. Due to the potential
error associated with this assumption, fabric filter ash weights
were not used in the computerized analysis in Section 9. In-
stead, the particulate loadings (in gdrains per standard cubic
foot) from the gas sampling location upstream of the fabric fil-
ter were used.

7.2.3 Estimated primary chamber ash residence times. The
estimated primary chamber ash residence times for each of the
test burns on SADA so0ils are presented in Table 8 and similarly
for the test burns on LAAP soils in Table 9. Ash residence time
could not be directly measured in the field. Therefore, the fol-
lowing procedure was established to estimate ash residence time.

(a) The time that the first ash drum was removed (tj) was
recorded, as well as the time that soil feed
commenced (tg).

(b) The empty ash drum was weighed before the test and the
filled ash drum was weighed again after it was re-
moved to determine the net ash weight (mj).

(c) The height of the ash in the drum was measured to de-
termine the volume of ash in the drum (Vj).

(d}) The ash density was estimated by dividing the net
weight of ash in the drum by the volume of ash in
the drum (mj/Vj)

(e) The volumetric ash production rate was determined by
the following equation:

m,

vV = .

vV = (mT) + (tT) X (Vi)

Where: Mp = total primary chamber ash, 1lb (Table 7)
tp = total time soil fed, hr (Table 7)

(£) The volume of ash in the kiln (Vk) was determined by
the following equation:

Vk = [(V) x (tj - to)] - (Vi)
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ash density was generally in the range of 80 to 90 pounds per
R cubic foot, whereas the LAAP primary kiln ash density was gen-
»- erally in the range of 40 to 50 pounds per cubic foot. The foot-

notes in Tables 8 and 9 point out specific test runs in which
A uncontaminated background sand was fed during the pre-test warm-
. up to minimize the adherence of ash to the kiln refractory. This
- is discussed more thoroughly in Subsection 7.3.

(9) The ash residence time in the kiln (Tg) was deter-

mined by the follcwing equation:
: v ;
¢ _ 'k min p
Tp = (g) x (60 =) -
- As shown in Tables 8 and 9, the kiln ash densities were "
e quite different for the two types of soil. The SADA primary kiln p
.

O The volume of ash in the Kkiln was also quite different for
[ the two types of soil. Since the kiln rotation was held constant

for all tests at approximately four revolutions per hour and
o since the feed rates and kiln temperatures were essentially rep-

licated for the two soils, the differences in the volume of ash
in the kiln (i.e., generally 2 to 4 cubic feet for the SADA kiln
: ash compared to 4 to 8 cubic feet for the LAAP kiln ash) is most
.i likely due to the difference in the "angle of repose”™ of the two

types of ash. The differences between the two types of kiln ash
are discussed more thoroughly in Subsection 7.3.1.

w The kiln ash residence times, on the other hand, were com-

parable for the two types of ash., The residence times varied
' from 54 minutes to 114 minutes for the SADA kiln ash and from
S 53 minutes to 120 minutes for the LAAP kiln ash.

7.2.4 Estimated secondary chamber flue gas residence time.

f: The estimated secondary chamber flue gas residence times for
" each of the test burns are summarized in Table 10. As shown in

Table 10, the secondary chamber flue gas residence times ranged
= from 1.1 to 2.0 seconds. These estimated flue gas residences

- times are based on the secondary chamber volume of 90 cubic
feet, and do not include any credit for the flue gas residence
time in the primary chamber, the end panel, or the refractory-

iz lined ductwork upstream of the waste heat boiler.

. 7.2.5 Explosives concentrations in the soil feed, ash resi-

ﬁ dues, and stack gas. Prior to development of the test planZ2,

e soil core samples and grab samples had been taken from each of
the six SADA lagoons as part of the Task Order 1 effort. The

w2 core samples were either 5 or 1.5 feet in depth and explosives

iq concentration analyses were performed on samples taken at 6-inch
intervals throughout the depth of each core sample.
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The TNT concentrations found in the core samples ranged from
200,000 ppm (20 percent) to less than 24 ppm (the detection lim-
it). The core and grab samples demonstrated in general that:

(a) The explosives concentrations tended to be highest 1in
the top 6 inches of soil.

(b) The explosive concentrations in the top 6 inches di-
minished with distance from the point where the
wastewater had entered the lagoon.

For these reasons, it was decided that the SADA soil would
be excavated from lagoon No. 5 in the vicinity where the waste-
water had entered the lagoon and to a depth not to exceed ap-
proximately 4 to 6 inches. This decision was made to maximize
the explosive concentrations in the feed soil so that an explo-
sives DRE of 99.99 percent could potentially be demonstrated
within the detection limits of the stack sampling equipment. As
a result, the TNT concentrations in the composite feed samples
from the SADA runs were much higher than those found in the core
samples. As shown in Table 11, they ranged from 406,000 ppm
(40.6 percent) to 88,100 ppm (8.81 percent). Other explosives in
the SADA soil were negligible by comparison.

The LAAP soil, on the other hand, had quite substantial con-
centrations of RDX and HMX, as well as TNT as shown in Table 11.
Other explosives in the LAAP soil were negligible by comparison.

Table 12 summarizes the concentrations of explosives in the
kiln ash. In generai, the only explosives detected in the kiln
ash were very low concentrations of TNT ranging from not detect-
ed to less than 30 ppm.

Table 13 summarizes the concentrations of explosives in the
fabric filter ash., The data in Table 13 should not be analyzed
on a run-by-run basis. A compressed air, pulse-jet cleaning cy-
cle was performed on the fabric filter bags before and after
each test run, and the ash that was dislodged from the bags was
removed from the collection hopper, weighed, and analyzed. How-
ever, there was no assurance that the ash removed from the hop-
per directly corresponded to the respective test run. As de-
scribed previously in Subsection 6.2.1, explosives breakthrough
occurred during the preliminary Test Run No. 0-1 which is sup-
ported by the data in Table 13, Chronologically, the next three
test runs were matrix Nos. 1-3, 1-1, and 1-6. Each of these runs
had similar, gradually decreasing levels of explosives which in-
dicate that the fabric filter bags were most likely contaminated

4523A
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TABLE 12. EXPLOSIVES CONCENTRATIONS IN THE KILN ASH

Explosives concentrations! (ppm, dry weight basis) b

o
Matrix a

number HMX RDX TNB DNB NB  2-Amino TNT 2,6-DNT 2,4-DNT 1
N '
- U~1 ND2 ND ND ND ND ND 6.48 ND ND
s 1~1 ND 5.21 ND ND ND ND ND ND ND
1-2 ND ND ND ND ND ND 2.65 ND ND
1-3 ND  ND ND ND ND ND 8.78 ND ND
. 1-4 ND ND ND ND ND ND ND ND ND
™) 1=5 ND ND ND ND ND ND 3.44 ND ND
1-6 ND ND ND ND ND ND ND ND ND
e 1=7 ND ND ND ND ND ND ND ND ND
b 1-8 ND ND ND ND ND ND 2.55 ND ND
- 1-9 ND ND ND ND ND ND ND ND ND
- 2~1 ND ND 2.47 ND ND ND 6.58 ND ND
2~2 ND ND ND ND ND ND 19.3 ND ND
2-3 ND ND ND ND ND ND 26.9 ND ND
A 2~4 ND ND ND ND ND ND 17.6 ND ND
2-Y ND ND ND ND ND ND 4,88 ND ND
2-6 ND ND ND ND ND ND ND ND ND
a 2-7 ND ND ND ND ND ND 8.78 ND ND
2-8 ND ND ND ND ND ND 13.1 ND ND
- 2-9 ND ND ND ND ND ND ND ND ND
I:.";‘ Detec- 1.27 0Y97 2,09 0.991 0.421 U.291 1.92 V.402 U.416
L tion
limits
o
lMolecular structure of eXplosives is presented in Appendix D.
<. 2ZND - Not detected.
o
&
o
o
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TABLE 13. EXPLOSIVES CONCENTRATIONS IN THE FABRIC FILTER ASH

Explosives concentrationsl (ppm, dry weight basis)

Matrix
number HMX RDX TNB DNB NB 2-Amino TNT 2,6-DNT 2,4-DNT

1.22 11.1 0.896 3.55 ND2 5.20 ND ND

o
'
—
>

L]
w
o

1-1 1.30 ND 4,07 0.832 ND ND 2.08 ND ND
1-2 ND ND ND ND ND ND 2.65 ND ND
1-3 ND 1.57 5.17 ND ND ND 2.62 ND ND
1-4 ND ND 2.52 ND ND ND ND ND ND
1-5 5.02 ND 2,25 ND ND ND ND ND ND
1-6 ND ND 4.32 0.854 ND ND 1.94 ND ND
1-7 ND ND ND ND ND ND ND ND ND
1-8 ND ND 2.43 ND ND ND 155 ND ND
1-9 ND ND ND ND ND ND ND ND ND

2-1 l1.61 ND 3.66 0.726 ND ND ND ND ND
2-2 ND ND ND ND ND ND 4.24 ND ND
2-3 ND ND ND ND ND ND ND ND ND
2-4 ND ND ND ND ND ND ND ND ND -
2-5 ND ND ND ND ND ND ND ND ND
2-6 ND ND 2.37 ND ND ND ND ND ND
2-7 ND ND ND ND ND ND ND ND ND
2-8 ND ND 2.27 ND ND ND ND ND ND
2-9 ND ND ND ND ND ND ND ND ND
Detec- 1.27 0977 2.09 0.591 0.421 0.291 1.92 0.402 0.416

tion

limits

lMolecular structure of explosives is presented in Appendix D.
2ND - Not detected.

y
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with explosives during Test Run No. U-1 and may have continued
to contaminate subsequent test run ash samples,

No explosives were detected 1n the stack gas during any ot
the test burns, including the preliminary Test Run No. U-1. The
estimation ot explosives destruction and removal efticiency 1s
presented 1in Subsection 8.2.4.2.

/.2.6 Fabric tilter particulate loadings, control etfticCien-
cies, and particle si1ze distribution data. The fabric tilter
particulate loadings and control etficiencies are summarized 1n
Table 14 tor each test run. The fabric filter control efticien-
ci1es ranged trom 99.1 to YY.Y percent with an average efticiency
ot YY.6 percent. The consistently high removal efficiency was
turther evidenced by the lack ot a visible stack plume,

The tabric tilter particulate size distributions tor the
SADA and LAAP test runs are presented in Figures 14 and 15, re-
spectively. As shown in Fiqures 14 and 15, the size distribu-
tions tor the two types ot tabric filter ash are almost identi-
cal. The general size distribution data applicable to both ash
types are summarized below.

Particle diameter, microns Welight percent within range
U - 5 Negligible
5 - 10 2 percent
U - b5U 8 percent
50 - 10U 20 percent
>100 70 percent

7.2.1 stack emissions data tor gaseous pollutants. The
stack emissions data tor hydrogen chloride (HCLl), sultur dioxide
(50,), and oxides ot nitrogen (NOx) are summarized 1n Table
1. The stack emissions data for hydrocarbons and carbon monox-
1de (CO) are summarized 1n Table 16, No signiticant ditterences
are apparent between the two soil types in the magnitude ot the
values. No stack emissions of heavy metals were detected except
tor mercury which did not exceed 5 x 10U~-%4 pounds per hour tor
any ot the test burns.

/1.2.8 EP toxicity testing data tor the ash residues. The
results ot the extraction procedure (EP) toxicity testing data
tor the ki1ln ash and the tabric tilter ash are presented 1n Ta-
bies 1/ and 18, respectively. In most instances, either no heavy
metals were detected or the maximum possible metal concentration
(in the ash) was below the EP toxicity threshold limi1t and the
test was not conducted. Regardless ot so1l type or the levels ot
other test variables, the EP toxicity threshold limits were not
exceeded.
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7.3 Pnysical observations., The objective of this section
is to provide firsthand observations regarding parameters that
are somewhat difficult to quantify and reduce to numerical
terms. These physical observations include the following:

(a) Soil/ash appearance and density.
(b) Combustion observations.

(c) Steady-state production run.

(d) 1Industrial hygiene observations,
(e) Miscellaneous observations.

7.3.1 Soil/ash appearance and density. The SADA soil, al-
though excavated as the top 4 to 6 inches of an approximately
300-square foot area of a single lagoon, was widely variable in
appearance. The soil was excavated from the area immediately ad-
jacent to the influent stand pipe which was identified as having
the highest explosives concentrations within the lagoon. The
soil ranged from light tan to dark reddish-brown in color. The
texture ranged from loose sand to packed silt. One area of the
lagoon had a subsurface layer of soil that was somewhat unique.
The soil was a light tan dry powder (like talcum) that would not
wet (floats on water) and when exposed to sunlight for approxi-
mately 10 minutes changed color to light yellow, Once disturbed,
the soil again appeared light tan. The soil seemed to be sensi-
tive to sunlight (perhaps ultraviolet).

The LAAP soil, by comparison, was much more consistent in
appearance. The soil in the drums varied from densely packed
clay to clay mixed with sand and free water. The soil was dark
reddish-brown in color and was very tightly compacted within the
drums,

The density of the SADA and LAAP soils and respective pri-
mary kiln ashes was estimated in the field by weighing fixed
volumes of each material, The SADA soil ranged from 80 to 120
pounds per cubic foot and the LAAP soil ranged from 90 to 105
pounds per cubic foot. A representative density for either soil
is approximately 100 pounds per cubic foot. It is suspected that
if the LAAP soil were freshly excavated the density would be
lower due to a higher moisture content.

The SADA primary kiln ash was also quite variable, The ash
ranged from "salt and pepper" colored sand, to a mixture of sand
and small "clinkers® (friable clumps less than 2 inches in diam-
eter), to one test run in which the ash was black with large
clinkers up to 6 inches in diameter (Test Run 0-1). The SADA
ash density averaged approximately 85 pounds per cubic foot.
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parison,

The LAAP primary kiln ash was again more consistent by com-
The ash was light reddish-brown to black in color and

was composed almost exclusively of small friable clinkers 1 to
4 inches in diameter. The clinkers were extremely porous and the
resulting ash density averaged approximately 45 pounds per cubic
foot.

7.3.2

Combustion observations., The following comments re-

late to observations made during the various test burns relative
to the combustion process within the primary chamber.

(a)

On 16 September 1983 a preliminary test run was per-

formed on SADA soil at the following conditions:

Feed Rate = 400 1lb/hr
Primary Chamber Temperature = 1,6000F
Secondary Chamber Temperature = 2,000°0F

puring this preliminary run (i.e., gas sampling was
not conducted) the soil appeared to burn very well,
There was no noticeable increase in primary kiln tem-
perature once feeding commenced, which suggests that
the heat content of the soil was sufficient to offset
the increased heat load to evaporate the moisture in
the soil, The flame was bright orange with no detect-
able smoke. At one point the unit shut down due to a
high boiler feed-water level which resulted in a
temporary loss of the induced draft fan. Under this
condition, black smoke was emitted from the combus-
tion air ports at the front of the incinerator. Upon
start-up and with the burners off but with the in-
duced draft fan on, the soil burned with a violent
flame. This suggests that some of the combustibles in
the soil require sufficient oxygen to properly com-
bust. The ash from this run was fine sand, light in
color, and with no noticeable odor. This observation
led to a basic change in approach, Prior to this it
was anticipated that the incinerator would most ap-
propriately be operated as a dryer to first drive off
the high moisture content of the soil and then to
"roast" the soil to volatilize and destroy the explo-
sives, Under these conditions, high excess air rates
in the primary chamber would not be critical. Howev-
er, this observation supported the fact that the unit
should be operated as an incinerator with high excess
air rates to ensure complete combustion of the organ-
ics.
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(b) On 19 September 1983 Test Run Matrix No. 0-1 was per-
formed on SADA soil at the following conditions:

Feed Rate 500 lb/hr
Primary Chamber Temperature 800OF
Secondary Chamber Temperature 1,2000F

As described previously, this run was conducted at
the proposed "worst-case" conditions of maximum feed
rate and minimum temperature to basically challenge
the system and determine if explosives breakthrough
would occur. buring this run the soil did not appear
to burn well., The soil contributed significantly to
the heat input and as a result the burners modulated
at a very "low-fire" position during this burn. The
ash was black with large clinkers up to 6 inches in
diameter., The ash had a strong ammonia smell,.

(c) on 21 September 1983 a "doughnut" of feed soil/ash
started accumulating in the front of the primary
chamber as shown in Figure 16. This circumferential
ring of friable material recurred ©periodically
throughout the testing program (most predominantly
with the LAAP soil). This buildup of material did not
impede the combustion process; however, it was of
concern due to mass balance considerations and was
periodically removed during incinerator cool down.
The material was easily removed and could easily be
remedied by installing a scraper bar for future ap-
plications. It was also found that feeding background
sand prior to feeding the LAAP soil minimized forma-
tion of the doughnut.

(d) As observed through the combustion air ports in the
front of the incinerator, the LAAP soil had a ten-
dency to expand as the moisture and combustibles were
vaporized from the soil. This "popcorn" effect re-
sulted in the relatively low density ash discussed
earlier and, instead of the typical 50 percent volume
reduction experienced with the SADA soil, no volume
reduction, and up to a 40 percent volume increase was
experienced with the LAAP soil,
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FIGURE 16 INSIDE VIEW OF THE PRIMARY CHAMBER
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MIDWAY THROUGH THE IECS PROGRAM (NOTE THE FORMATION OF

THE “DOUGHNUT” AT THE FRONT OF THE KILN)
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(e) In general, for the system tested, the following ob-
servations can be made ftor processing both SADA and
LAAP soils:

- Operation of the primary kiln at 1,400°F seemed
to be an optimum condition. At 1,6000F there
were more problems with smoking/flaming buckets
coming out of the feed system. At 1,2000F there
seemed to be a higher propensity for doughnut for-
mation. However, both of the problems could be
easily remedied in a future full-scale system.

- Operation above 400 pounds per hour soil feed rate
appeared to be a problem due to material fall-back
into the front-end panel (which could be remedied
by slight redesign or a continuous versus a bulk
feed system) and due to shorter ash residence time
(which could be remedied by a longer primary cham-
ber or alternative kiln rotation rates).

7.3.3 Steady-state production run, After the formal test-
ing was completed on 8 October 1983, an additional 25,000 pounds
of LAAP soils were incinerated from 10 to 15 October 1983 (64
actual hours of incinerating soils). The objectives of burning
the additional soils were twofold:

(a) Thermally treat all LAAP soil that had been excavated
and manifested to the Savanna Army Depot Activity but
not required during the formal testing,

(b) Determine the operational characteristics of the incin-
erator system under a longer term, steady-state pro-
duction mode of operation.

The operational parameters during this steady-state run were
as follows:

Feed Rate = 400 1b/hr
Primary Chamber Temperature = 1,4000F
Secondary Chamber Temperature = 1,8000F

Complete destruction of explosives had been consistently
demonstrated in the stack gas, as well as in the kiln ash resi-
dues at these conditions. For this reason these conditions were
proposed to and approved by the Illinois EPA for continuation of
the test burn program without any further requirement for stack
testing.
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During this 5.5 day run, two shifts of operators allowed an
operating span of up to 20 hours including warm-up and cool down
and an actual processing time of up to 15 hours per day.

The incineration equipment performed flawlessly during this
extended run with no downtime due to mechanical failure. Two in-
stances did occur that required reprocessing of primary kiln ash
drums collected:

(a) On 10 October 1983 the second ash drum pulled was smok-
ing (purple/pink smoke). One of the smoldering clink-
ers was obroken open and there was red clay inside
which started smcoking heavily when exposed to the
air, Further investigation revealed that the feed
soil bucket weights were too heavy resulting in an
average feed rate of 540 pounds per hour rather than
400 pounds per hour. The bucket weights were correct-
ed and the first two drums of ash were reprocessed.
Subsequent ash drums were normal (i.e., no smoke).

(b) On 11 October 1983 the second ash drum pulled was again
smoking. The smoke was generally white in color with

traces of pink and purple. The ammonia smell was
strong enough to break through the respirator car- i
tridges. Further investigation revealed that the kiln :!
rotation was improperly set. The kiln was making one -
revolution every 8 minutes rather than every 15 min- N
utes. The kiln rotation rate was reset and the first o
two ash drums were reprocessed. Subsequent ash drums "o
were normal,
o . ‘ b
These two incidents, both of which effectively reduced the 5
ash residence time within the primary chamber, appeared to have
resulted in incomplete combustion of the explosives in the soil. o~
This suggests a strong correlation between ash residence time N}
and explosives destruction efficiency in the primary chamber -7
ash, _
7.3.4 1Industrial hygiene observations. The purpose of this .
subsection is not to detail all the safety precautions that were
taken on this project. These precautions were discussed thor- e
oughly in the site plan and safety submission.3 This subsec- 7
tion will address additional safety precautions instituted in -
the field in response to observations made during the IECS test-
ing program. These observations and precautions are as follows: i:
(a) A noise survey of the incineration test site revealed
that the noise levels in the vicinity of the inciner- -
ator and the induced draft fan exceeded 85 dbA with a g
o
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_ . maximum reading on the stack sampling platform (di-
- rectly above the induced draft fan) of 98 dbA. The
- 33 85 dbA contour line very closely paralleled the pe-
[ - rimeter of the concrete pad. Therefore, hearing pro-
'5 - tection was required for all personnel on the con-
crete pad.
ol (b) During the initial pretest burn (16 September 1983),
N the incinerator operator detected a strong odor (like
o burnt matches or fireworks) from the buckets he re-
- moved from the feeder access hatch. He further no-
Lo ticed an irritation in his throat. At this point a
full-face respirator* was established as standard op-
- erating practice for the incinerator operator on the
) feed platform. This operator subsequently had symp-

-

. toms similar to sunburn (i.e., dry skin, irritation) ]
on his entire face. He has fair skin and to some ex-
tent this may have been due to irritation from the

o
l‘]
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R ﬁ full-face respirator. He also developed a small open
4 sore below his lower lip the following day. The sun-
IS burn feeling and open sore persisted for the next
SN four days although no additional exposure occurred.
- On the fourth day he developed a severe headache ac-
-, companied by stomach upset (which is very atypical
{ . for this individual).
y (c) Another incinerator operator complained of experiencing
‘ja nausea at night and headaches that persisted through-
-Q BN out the day. He further explained that he had a cold
Lo and symptoms may not be directly related to his expo-
B sure,
K (d) One member of the so0il excavation team complained of a
o rash ("sunburn-like") under his hat band. He was
ST wearing a baseball cap. He threw the hat away and the
SR rash subsided.
3‘ . (e) One of the operators (who was relatively fair skinned)
AN reported that his skin had a yellowish cast, that his
> lips were noticeably purple, and that he frequently
ol had a bitter taste in his mouth.
e
S
:'..i ~;
P i
RS *Respirator Model No.: MSA Ultra Twin Respirator Face Piece '
o (471286), Cartridge Model No.: GMC-H (464027). Designed for :
. o acids, dust, fumes, organics, radionuclides.
e !
e
{
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(f) One of the individuals who handed the buckets to the
operators complained of a skin rash/irritation on his
forearms. The sores appear like mosquito bites, scab
over, and eventually dry up. One of the operators
complained of a similar irritation., Subsequently, all
individuals handling the feed soil and empty buckets
were instructed to wear full-length disposable cover-
alls, gauntlet style plastic gloves with disposable
liners, and respirators,

It should be pointed out that all of the above observations
took place during the first week of operations and no subsequent
incidences occurred during the remaining three weeks of the test
program.

7.3.5 Miscellaneous observations. One additional observa-
tion was noteworthy and does not readily fit into any of the
previous categories. It was observed that the moisture which
collected on the clean underside of the plastic sheeting cover-
ing the buckets of feed soil was "pinkish" in color. This pink
coloration is a direct indication of the presence of TNT in the
water droplets. It appears that a portion of the TNT in the feed
soil vaporized and condensed on the plastic along with the mois~
ture that vaporized and condensed.

68

4523A

>

...“,.
a0

L 3
o

Al 1
P

e |




EC R A

8. COMPARISON OF TEST BURN RESULTS TO REGULATORY CRITERIA

8.1 Federal regulatory issues.* The objective of this sec-
tion of the report is to address three critical questions re-
garding Federal regqulatory issues based on the characteristics
of explosives contaminated soils (Section 4) and the test burn
results (Section 7). These three key questions are:

(a) Is the incineration of explosives contaminated soils
subject to regulation under 40 CFR Part 264,
Subpart 0 - Incinerators?

(b) If exempted from all requirements of 40 CFR Part 264,
Subpart o, except Sections 264,341 (Waste
Analysis) and 264.351 (Closure), what are the
implications?

(c) If not exempt from regulation under 40 CFR Part 264,
Subpart O, what are the implications?

8.1.1 Background. The solid waste disposal act, as amended
by the Resource Conservation and Recovery Act of 1976, requires
EPA to establish a national regulatory program to ensure that
hazardous wastes are managed in a manner which does not endanger
human health or the environment from the time they are created
until their eventual destruction or final disposition (i.e.,
"cradle-to-grave"). To this end, EPA published initial regula-
tions governing hazardous waste incineration on 19 May 1980 and
subsequently amended those regulations on 23 January 1981 and 24
June 1982,

The initial 19 May 1980 regulations provided a first step in
meeting the requirements of RCRA. Appendix VIII of those regula-
tions specified certain chemical substances, when present in a
waste, could serve as a basis for designating the waste as haz-
ardous. Part 261 of the regulations identified four characteris-
tics of hazardous waste to be used by persons handling solid
waste to determine if that waste is hazardous (i.e., ignitabili-
ty, corrosivity, reactivity, and EP toxicity). In addition, it
lists 85 process wastes (e.g., K044 - wastewater treatment
sludges from the manufacturing and processing of explosives; and
K047 - pink/red water from TNT operations), as hazardous wastes
and approximately 400 chemicals as hazardous wastes if they are
discarded. The 19 May 1980 regulations (Part 265) also included
some general requirements for the operation of existing inciner-
ation facilities during interim status (the period after an
owner or operator originally applies for a permit, but prior to
final approval).

*Appendix C provides referenced sections from the Federal Reglis-
ter,
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EPA 23 January 1981 regulations specifically identified the
information necessary to complete a Part B application for an
incinerator including test burn requirements. These regulations
also specified three requirements regarding incinerator perform-
ance:

(a) Principal organic hazardous constituents (POHC's) des-
ignated in each waste must be destroyed and/or re-
moved to an efficiency (DRE) of 99.99 percent,

({b) Particulate emissions must not exceed 180 milligrams
per dry standard cubic meter corrected to 12 percent
carbon dioxide in the stack gas.

(c) Gaseous hydrogen chloride (HCl) resulting from combus-
tion of wastes containing more than 0.5 percent chlo-
rine must be reduced by 99 percent.

In addition to the incinerator performance standards (Sec-
tion 264.3), this regulation also addressed the following:

(a) Applicability (Section 264.,340).

(b) Waste analysis (Section 264.341).

(c) Principal organic hazardous constituents (Section
264.342).

(d) New wastes: trial burns or permit modifications (Sec-
tion 264.344).

(e) Operating requirements (Section 264,345).

(f) Monitoring and inspections (Section 264.347).

(g) Closure (section 264.351).

In response to public comment and a public hearing and tech-
nical assistance conference in Cincinnati, Ohio on 21 and 22
April 1981, EPA determined that modification of certain Subpart
O regulations would enhance their technical feasibility and re-
duce the cost of compliance, while maintaining adequate protec-
tion of human health and the environment. The EPA formally
promulgated the amended regqulations on 24 June 1982, The sig-
nificant amendments to the 23 January 1981 regulation are sum-
marized in Table 19. The 24 June 1982 requlations specifically
addressed the issue of incineration of reactive wastes and the
applicability of the regulation as discussed in the following
section,
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8.1.2 Applicability of the incineration standards to the
incineration of explosives contaminated soils., A solid waste
becomes a "hazardous waste" subject to regulation under Subtitle
C of RCRA in one of two ways:

(a) The waste fails one or more of EPA's characteristic
tests for ignitability, corrosivity, reactivity, or
Extraction Procedure (EP) toxicity.

(b) The waste contains hazardous constituents listed in Ap-
pendix VIII and has been specifically listed as haz-
ardous by EPA.

In the 24 June 1982 regulations 40 CFR Part 264, Section
264 .340, EPA decided to automatically exempt all wastes which
are hazardous solely due to the characteristic of reactivity as
described by Secton 261.23 (a)(l), (2), (3), (6), (7), and (8)
(see Section 4, page 20). Wastes having the reactivity charac-
teristics described by Section 261.23 (a)(4) and (5) are not ex-
empted since they may emit toxic gases and vapors (such as cyan-
ide) upon reaction. The amendment specifies that reactive
wastes, if exempted, must not be burned in the presence of any
other hazardous waste, since the reactive wastes (by definition)
are capable of explosion or violent reaction that could poten-
tially disperse other toxic substances present into the environ-
ment. Therefore, if the reactive waste in question contains de-
tectable concentrations of Appendix VIII constituents it cannot
be automatically exempted. However, the regulation does provide
that qualified reactive wastes that contain low concentrations
(i.e., less than 100 to 1,000 ppm) of some Appendix VIII con-
stituents may be exempted if the Regional Administrator finds
that the exemption will not result in a potential threat to hu-
man health and the environment.

TNT, RDX, and HMX, which were the major organic contaminants
in the SADA and LAAP soils, are not listed in Appendix VIII as
hazardous constituents. The Appendix VIII constituents that
were detected in the soils were in extremely low concentrations
as shown in Table 20. Therefore, it appears that applicability
of the incineration standards to the incineration of explosives
contaminated soil will be based on the judgment of the respec-
tive EPA Regional Administrator. Four factors combine to make
an extremely strong case that the Regional Administrator would
exempt explosives contaminated soils from regulation under all
except Sections 264,341 (Waste Analysis) and 264.351 (Closure).
These four fectors are:

(a) The explosives c¢ontaminated soils, when mixed with

water, do not generate toxic gases and they are not
cyanide- or sulfide~bearing wastes.
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The concentrations
extremely low.
(c) No other hazardous wastes would be incinerated simul-

taneously with the explosives contaminated soils.
(d) The incineration site would most likely be at a remote
U.S. Army location which would further limit poten-
tial hazards to the general public.

of Appendix VIII coustituents are

8.1.3 Implications of exemption from the incineration
standards. Applicants seeking exemption under Section 264.340
must submit sufficient waste analysis data with Part B of the
permit application to document levels of all hazardous constitu-
ents listed in Appendix VIII which would reasonably be found in
the waste. When setting the conditions of the permit, the Re-
gional Administrator will determine whether an exemption should
be granted for incineration of the reactive waste based on a re-
view of the waste analysis data. If the exemption is granted,
the applicant will be exempt from the following sections:

Section No. Title
264.342 Principal organic hazardous constituents
(POHC's).

264,343 Performance standards,

264,344 New wastes: trial burns or permit modi-
fications,

264,345 Operating requirements.

264.347 Monitoring and inspections.

The implications of exemption from these regulations are ex-
plained in Subsection 8.1.4.

The only remaining applicable regulation is Section 264,251
({Closure). At closure, the owner or operator nust remove all
hazardous waste and hazardous waste residues (i.e., kiln and
fabric filter ash) from the incineration site. All ash residues
from the incineration of hazardous wastes are classified as haz-
ardous wastes unless it is demonstrated in accordance with 40
CFR Part 261, Section 261.3(d) that the residue is not a hazard-
ous waste,

»

- N

>
v
»
-

,II- .

A

R

2,

A

i. e




The implications of Section 264.251 (Closure) could be sub-
stantial since every pound of explosive contaminated soil which
is incinerated generates approximately 0.3 to 0.7 pounds of ash
residue. Generally over 96 to 98 percent of the residue is dis-
charged in the form of kiln ash, while the remaining ash is col-
lected in the fabric filter. Further, due to the lower relative
density of the kiln ash compared to the feed soil (particularly
for the LAAP soil), the actual volume reduction ranges from ap-
proximately 50 percent to a slight volume increase. Should the
ashes be classified as hazardous waste, then costly additional
treatment techniques or special disposal methods will be neces-
sary. Otherwise, the ash residues would be permanently land-
filled in an area preferably near the incineration site.

The results of the ash analyses conducted during the IECS
test program indicate a strong case for delisting the ash since,
in accordance with 40 CFR Part 261, Section 261.3(d)(1l), the ash
residues do not exhibit any of the characteristics of a hazard-
ous waste identified in 40 CFR Part 261, Subpart C (i.e., ig-
nitability, corrosivity, reactivity, or EP toxicity). The fol-
lowing subsections compare the results of the ash analyses to
criteria for each of these characteristics of hazardous waste,

8.1.3.1 Ignitability. A solid waste exhibits the charac-
teristic of ignitability if, when ignited, it burns so vigorous-
ly and persistently that it creates a hazard. It is reasonable
to expect the ash residues to not be ignitable by virtue of:

(a) The thermal processing conditions that the ashes were
subjected to during the incineration process.
(b) The undetectable heating value of the ashes,

8.1.3.2 Corrosivity. A solid waste exhibits the character-
istic of corrosivity if, as an aqueous solution, it has a pH
less than or equal to 2.0 or greater than or equal to 12.5,
Composite samples of the SADA and LAAP kiln ash and fabric fil-
ter ash residues had pH values that ranged from 7.4 to 7.7.
Therefore, the ash residues do not exhibit the characteristic of
corrosivity.

8.1.3.3 Reactivity. The eight criteria for designating a
solid waste as hazardous were presented previously in Section 4.
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Based on the data generated during the testing program, it 1is
reasonable to assume that the ash residues are not reactive and
exhibit none of the eight criteria as explained below:

Criteria

(1) 1Instability

(2) and (3) Reaction with Water

(4) and (5) Generation of Toxic

Gases

(6) and (7) Explosive Reaction

(8) Forbidden Explosives

Observations

The ash residues were handled
throughout the testing and
were physically and chemically
stable when subjected to the
recommended operating condi-
tions.

The residues were in contact
with water during sample prep-
aration and analysis and
showed no signs of adverse re-
action.

The ash residues are not cya-
nide- or sulfide-bearing
wastes, and when mixed with
water do not generate toxic
gases, vapors, or fumes,

The extremely 1low levels of
total explosives in the ash
residues (i.e., not detected
to less than 30 ppm) are in-
sufficient to support combus-
tion or promulgation of deton-
ation when subjected to ini-
tiating sources or if heated
under confinement.

The ash residues are not clas-
sified as forbidden explosives
as defined in 49 CFR 173.51,
or a Class A explosive as de-
fined in 49 CFR 173.53, or a
Class B explosive as defined
in 49 CFR 173.88,
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8.1.3.4 EP toxicity. Tne results of the EP toxicity test-
ing for the kiln ash and fabric filter ash for each test run are
presented in Tables A-9 and A-10, respectively. As shown in
these tables, concentrations of all contaminants in the leachate
were far below the maximum threshold concentrations. Therefore,
the ash residues clearly do not exhibit the characteristic of EP
toxicity.

8.1.4 Implications of not being exempted from the incinera-
tion standards. If the respective EPA Regional Administrator
does not grant exemption under 40 CFR Part 264, Section 264.340,
additional requirements must be met above and beyond those dis-
cussed in Subsection 8.1.3. These additional requirements are
discussed in the following subsections,

8.1.4.1 Principal organic hazardous constituents (section
264 .342). As specified in 40 CFR Part 264, Section
264.342(b)(1), one or more POHC's must be specified from the
list of hazardous constituents listed in Part 261, Appendix
VIII, for each waste to be burned., The selection of POHC is
based on the relative degree of difficulty of incineration and
on the concentration or mass in the soil feed.

The explosives that are in the soils in relatively high con-
centrations (i.e., TNT, RDX, HMX) are not listed in Part 261,
Appendix VIII and, therefore, cannot be designated as POHC's,
The hazardous constituents that are present in the soils (i.e.,
TNB and DNB) are only present in extremely low concentrations
(i.e., not detected to less than 300 ppm as shown in Table 20).
The preamble to the 24 June 1982 amendments (Federal Register
vol. 47, No. 122, page 27530) provides guidelines for selecting
POHC's. These guidelines establish 100 ppm as an absolute lower
limit beyond which determination of a 99.99 percent destruction
removal efficiency (DRE) will be difficult to verify, and fur-
ther recommends 1,000 ppm as a more reasonable minimum concen-
tration in the waste feed. Therefore, short of artificially
spiking the feed soils with higher concentrations of TNB and
DNB, selection of a POHC may pose a significant obstacle.
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8.1.4.2 Performance standards (section 264.343). An incin-
erator burning hazardous waste must be designed and operated to
meet the following three performance standards:

° Destruction Removal Efficiency (DRE)

The incinerator must achieve a DRE of 99.99 percent for each
POHC designated in its permit for each waste feed. DRE is de-
termined for each POHC from the following equation:

(W, - W )
DRE = —I0_OUE 4 100%
in
Where:
Win = mass feed rate of one POHC in the waste
stream feeding the incinerator
Wout = mass emission rate of the same POHC present in

the exhaust emissions prior to release to the
atmosphere

In other words, cgredit is given for removal of the POHC in
the kiln and fabric filter ash residues, as well as destruction
of the POHC in the incineration process,

During the IECS test programs, no explosives (i.e.,, TNT,
RDX, HMX, as well as the Appendix VIII constituents) were de-
tected in the stack exhaust emissions to the atmosphere. There-
fore, in accordance with the guidelines provided in the previ-
ously referenced preamble to the 24 June 1982 amendments (page
27350), if the POHC is not detected in the stack exhaust, at-
tainment of 100 percent destruction and removal will be assumed
for that POHC. However, taking a much more conservative ap-
proach (i.e., assuming that explosives concentrations might be
at or Jjust below the detection limits) the calculated DRE's for
each test run are presented in Tables 21 and 22, However, these
DRE's are for TNT, RDX, and HMX since these were the only con-
taminants in sufficient concentration in the feed to allow esti-
mation of DRE. As shown in Tables 21 and 22, even using this
overly conservative approach, DRE's of 99.99 percent were
achieved in most cases, Failure to achieve 99,99 percent only
resulted from lower explosive concentration in the waste feed
relative to the detection limit in the stack exhaust.
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_ . TABLE 21. SUMMARY OF EXPLOSIVE CONCENTRATIONS IN THE SAVANNA
. FEED SOIL, DETECTION LIMITS OF EXPLOSIVE IN STACK GAS
AND THE RESPECTIVE DRE'S
r - Matrix TNT concentration, lp/hr
- number In soil feed  1In stack gasl Worst case DRE?Z
3o
s 0-1 58.285 ND > 99.996
. 1-1 27.028 ND > 99,995
o 1-2 45.490 ND > 99.995
NI 1-3 41.309 ND > 99.996
- 1-4 23.424 ND > 99.992
- 1-5 71.770 ND > 99.997
u 1-6 43.084 ND > 99.994
P 1-7 87.224 ND > 99.997
S 1-8 68.170 ND > 99.996
. ;-‘: 1-9 88,429 ND > 99.997
i . lND - Not detected. Detection limits ranged from 0.0018 and
. ' 0.0028 for the various runs.
L. 2yorst case DRE - No explosives were detected in the stack
© e qases. Percent destruction and removal effi-
S ciency (DRE) is based on the detection limit
- of TNT in the stack gas. Actual Dr “'s will be
| | higher than the values shown.
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. ® Hydrogen Chloride Control

Since analysis of all feed samples for both SADA and LAAP a

S soils indicated total chlorine concentrations of less than 0.5 -]
N percent and since total hydrogen chloride (HCl) emissions were *
i - substantially below 1.8 kilograms per hour (4 pounds per hour),
[ : HCl control was not required.
¢ ® Particulate Control
N -

< Particulate emissions are limited to 180 milligrams per dry

standard cubic meter (0.08 grains per dry standard cubic foot)
- when corrected for proper excess air levels. The results of all
-3 test runs were at least two orders of magnitude lower than the

permissible emission limits due to the excellent control effi-
ciency of the fabric filter,

- In summary, the trial burns demonstrated consistent compli-
ance with the performance standards.

8.1.4.3 New wastes: trial burns or permit modifications
(section 264.344). Clearly, the results of the IECS Test Pro-
gram should exempt the U.S. Army from any further trial burn re-

ll gquirements unless the waste analysis of the explosives contami-
' nated soils is significantly different than the SADA or LAAP
soils.

S 8.1.4.4 Operating requirements (section 264.345) and moni-

toring and inspections (section 264,347). In order to comply
| with the operating and monitoring requirements specified, it ap-
pears that only two additional pieces of instrumentation would
be required to supplement the incineration equipment and con-
- trols supplied by ThermAll, Inc. for the IECS test program:

(a) A device for continuously measuring combustion gas ve-
locity.

(b) A device for continuously measuring carbon monoxide at

e the stack.

s The 23 January 1981 amendments specified the continuous -
. measurement of combustion air flow rate. However, it is imprac- D
tical to measure air feed rate for a rotary kiln which does not >
. employ a forced draft system (which lends itself to measurement R
- of air feed rate), Instead, air is drawn 1nto the kiln at many ;3
e points, and actual air feed rate is 1mposs1ble to monitor, The -
24 June 1982 amendments address this problem and allow the use -
o of other appropriate indicators of combustion gas flow rate for :
)- rotary kilns. Suitable indicators such as induced draft fan am-
perage or exhaust gas velocity are specified.
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The continuous monitoring of carbon monoxide will provide an
excellent indicator of combustion efficiency and will ensure
complete destruction of all detectable explosives in the exhaust N
gases. It is well documented that the oxidation of carbon mon- -
e oxide to carbon dioxide is the rate limiting step in most af- )
Fi’ terburners.’ Generally, the time required for all of the —

steps involved in the oxidation of hydrocarbons to carbon monox-
S ide is less than one-tenth of that which is required for the
R carbon monoxXxide to carbon dioxide conversion. Since explosives
SOR exhibit no reluctance to oxidize, it 1is reasonable to assume
that the carbon monoxide-~to-carbon dioxide step will be the key
criteria for proper design of the secondary chamber,

l_""‘\. .

Review of the raw sampling data for Test Run No. 0-1 reveals
supporting evidence that the known relationship between carbon
monoxide and hydrocarbons can be applied to the incineration of
explosives contaminated soils. As the combustion gases entered e
the secondary chamber the DRE for TNT was in excess of 99 per- el
cent although the CO concentration was over 1,000 ppm, At the
inlet to the fabric filter, no TNT was detected in the flue gas
(i.e. DRE = 100 percent) and the CO was reduced to 75 ppm. The
oxidation rate of the explosives, therefore, was significantly
higher than the oxidation rate for CO. During subsequent runs -
at higher combustion chamber temperatures and lower feed rates, A |
no explosives were detected in the flue gas at any sampling lo- .
cations, including the inlet to the secondary chamber. CO lev- )
els were consistently lower also, but always detectable at the -
secondary chamber inlet. As a result, two observations can be
made:

Y

(a) It appears that destruction of CO and not explosives

Wwill be the limiting criteria for design and opera-
tion of the secondary combustion chamber.

(b) It appears that monitoring CO will provide a dependable

2nd cost-effective way to ensure proper combustion of
explosives as well as CO.

8.2 State and local regulatory issues. State and local
regulations must be evaluated on a site-specific basis, Howev-
er, some general comments can be made. Most states have direct-
ly adopted the Federal hazardous waste management regulations
into their statutes. Therefore, if their program is Federally
approved, the requirements discussed 1in Subsection 8.1 may be
administered either jointly between the state and the Regional

-,

=S
[ "
Ve 'e

P

Le%5"%
SXAXS
'l‘.:“...l’t

82
4523A

LT

-

ol

.. . . . . P T L R S R TG MNE AR
e e T e T T S e . sV T o

L e e A O
RTINS ) - Ol ]
A et et et e atdale e e e N




f o 38

.JNJ‘V-‘

B

.

EPA office or exclusively by the state agency. Concerning cri-
teria (nonhazardous) pollutants, the typical areas of concern
are:

(a) Particulates

(b) Carbon monoxide

(c) Oxides of nitrogen
(d) Oxides of sultur

(e) Halogenated compounds

8.2.1 Particulates, Typically, the state would require
meeting the hazardous waste incinerator performance standard of
180 milligrams per dry standard cubic meter (0.08 grains per dry
standard cubic foot) unless other state or 1local regulations
were more stringent. However, with fabric filter control of
particulate emissions, any state or local regulation could be
met.

8.2.2 Carbon monoxide. Typical state emission limits for
carbon monoxide emissions from combustion processes are approxi-
mately 500 ppm on a volume basis. For the IECS test program no
stack measurements of CO exceeded 85 ppm.

8.2.3 Oxides of nitrogen. Few if any states have specific
mass emission limitations that would be applicable to this type
of source, However, all states have ambient air quality stand-
ards for the maximum allowable concentrations of oxides of ni-
trogen measured at offsite locations (i.e., outside of the prop-
erty boundaries) due to source operations. Most states will re-
quire a modeling analysis to demonstrate that the NOy, as
well as other applicable ambient air quality standards, will not
be exceeded. Assuming the installation of a GEP (good engineer-
ing practice) height stack, this should not pose any problem,

8.2.,4 Oxides of sulfur and halogenated compounds. Although
regulated, due to the low concentrations of suifur and cnlorine,
mass emissions of oxides of sulfur or halogenated compounds are
not anticipated to pose any problems,

2
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‘ o 9, ANALYSIS OF RESULTS AND DEVELOPMENT OF INCINERATOR DE- gf
SIGN CRITERIA
o o
oo 9.1 Analytical technique. 1In the early stages of the IECS -
E-.::- project a test plan¢ was developed which identified key proc- K
1 ess variables and established a matrix of test conditions (rep-
- licated for two different soil types). This experimental design "’
N was selected to allow statistical evaluation of the test burn ™
data. Two statistical analyses of variance (ANOVA) techniques
S were utilized in the analysis of the test burn data: N
N7 1‘. !
S OV
- (a) Forward and backward stepping multiple regression i
v analyses.8
‘f ’ (b) Two-way balanced factorial analysis.9 I
;g The analytical approach is detailed in Appendix B. The ob- 4
,\ jective of the analytical approach was to apply the two tech- .':-:
niques listed above to combinations of the data base input and [
o response variables listed in Table 23 to develop simple linear
NG equationsi' of the type:
AR <
;;,
‘.:.'-‘ y = bo + bi Xi + * 0 @ + bn Xn + E
NS )
o Where: y = response variable i
bo = intercept
g bj = regression coefficient
N Xxj = input or controlled variables oy
s E = residuals .
R
) The key response variables of interest are: ~
W] <.
":1 (a) Destruction and removal efficiency (DRE) of explosives,
‘_.f;-: (b) Environmental impact of incineration of explosives con- -
DAY taminated soils (i.e., CO, NOy, and particulates). ey
g (c) Incinerator design variables affecting system economics «
— (i.e., kiln ash production rate, soil heating value,
. and auxiliary fuel burn rate). 3
N 3
.:;.} 9.2 Destruction and removal efficiency of explosives. No
e explosives were detected 1in the stack gas tor any of the 19 test
-Ij.:-l- burns. Therefore, statistical analysis is not required to deduce e
that for the range of incinerator operating variables tested &
(i.e., soil feed rates as high as 500 pounds per hour and pri- |
B N mary and secondary chamber temperatures as low as 800OF and o
‘;: 1,2000F, respectively) a DRE of 100 percent can be expected ~,
'-‘ based on stack emissions. Since no explosives were detected, ‘
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TABLE 23. EVALUATED INPUT AND RESPONSE VARIABLES

USING STATISTICAL TECHNIQUES

)
Soil Input Variables
r [ Soil type (SADA or LAAP)
" ° Moisture content (ppmy and lb/hrl)
RN
. Ash content (ppmy and lb/hrl)
Rj ° Volatiles (opm, and lb/hrl)
“»d
° Explosives (ppmy and lb/hr., dry basis)
N
- HMX
- RDX
N, - TINT
" - TNB
B - DNB
- 2-Amino?

Total explosives

E 8
]

o Elemental aaalysis (ppmy., dry basis)
L0
HS - Sulfur
- Carbon

- Hydrogen
Nitrogen
Chlorine

&n

Metals analysis (ppmy, dry basis)

=5
°

- Barium

- Cadmium
Chromium
- Copper

- Lead
Zinc
Mercury

f SRR O
1 1

Soil heating value (Btu/lb)l

Frs
o

it 158

L
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. TABLE 23. (Continued)
5‘\- .
% .
R&e 3
R System Operating Inbut Variables Y
. ° Kiln temperature (°OF) =
Q';MQ ‘.s'
»:; ° After burner temperature (OF)
e ° Soil feed rate (lb/hr) oy
B it
° Excess air (%) W
.;, ° Afterburner residence time (seconds) >
'“"J ° Kiln ash residence time (minutes) ﬁ
) h %
o ° Combustion gas flow rate (scfh and lb/hr)
g b3
o) ° Fuel burn rate (scth) A
4 o
s,:, o
:":3 System Response Variables .
el o Ash production rates !
\1
EArs - Kiln ash (lb/hr)
WA - Fabric filter ash (lb/hr) >
N ‘
= o Particulate loadings %1
;;__ - Fabric filter inlet (qrains/scf) N
;.E,. - Fabric filter inlet (lb/hr) .
N
n _ .\j
’:ﬁ o Explosives .
‘ - TNT in kiln ash (pomy) -
S - Total explosives in kiln ash (pomy) N
N - Total explosives in kiln ash (lb/hr)
,,tjq - Total explosives in fabric filter ash (oomy) R
TN - Total explosives in fabric filter ash (lb/hr) '5
'** ® Metals in kiln ash (vomy,, dry basis) _
'V' . .\'
LAY o
Pl - Barium
:%: - Copper
: :o - Lead ;:]
S
Pt -
oY 86 ~
bR 4523A
v t_g
..-.\. c e
el
p T X N g S S, 3 T R e S o S A S L e S A R DA A A by

Ak :'_QL‘A': oL u':.fmf




PRIE

—a

-

T W

PLOd WA

e,

-
') 1 _-'.t

Ta- s

2

LA

Lo on

i

$

- of

CAASLP AN Vo =rr,

o > g
2

A

[d 4

TABLE 23. (Continued)

° Metals 1in fabric filter ash (pomy, dry basis)

- Barium
- Copper
- Lead
- 2inc

) CO at inlet to after burner
® Stack gas air pollutants

HCl (vomy)
HCl (lb/hr)
$02 (ppmy)
S§02 (1b/hr)
NOx (Domv )
- NOx (lb/hr)

) Destruction and removal efficiencies of explosives
® Soil heating value (Btu/lb)

® Fuel burn rate (scth)

lAs received basis.

21ncludes tetryl, since tetrvl and 2-amino are indistinquisha-
ble on chromatoqraphs.

87
4523A

. “ n'- I SN ‘-,. o. 5 et N - -_.... KN ._-" SRR LNy \;-\. . o NN = . \'.\' 4.‘.-_"\' 'h‘. \!-\\..‘l.\! \* -}:'._-;._-'\v’_..‘ \



it is impossible to develop correlations to predict estimated
DRE's at soil feed rates higher than 500 pounds per hour or at
kiln temperatures below 800°F and afterburner temperatures
below 1,200°F.

Explosives were detected in the combustion gases leaving the
primary chamber for one test burn (i.e., 195.9 ppm for Test Run
No. 0-1). Explosives were not detected at this sampling loca-
tion for any other test runs. Therefore, it can be deduced that
as long as the kiln is operated at 1,200°F or higher and soil
feed rates 400 pounds per hour or lower, an afterburner is not
required to destroy explosives in the combustion gases.

No significant correlations could be found to predict the
low-level concentrations of explosives in the kiln ash. It is
suspected that the reason for this is the fact that the explo-
sives concentrations in the kiln ash were below or close to the
detection limits.

The fabric filter ash explosives concentration data were not
analyzed since the fabric filter was obviously contaminated dur-
ing Test Run No. 0-1 and subsequent test run ash samples contin-
ued to reflect this initial contamination.

9.3 Environmental impact of the incineration of explosives
contaminated soils.

9.3.1 Carbon monoxide (CO). No attempt was made to develop
correlations to predict the CO concentrations measured at the
stack or at the fabric filter inlet since 14 of the 19 test runs
had CO concentrations at or below the detection limit of 5 ppm
for each of the two sampling locations. The CO concentrations
for the other five test runs ranged from only 7 to 90 ppm com-
pared to the Illinois EPA limitation of 500 ppm.

The CO concentrations measured at the kiln outlet were ana-
lyzed. The relationship between carbon monoxide concentration
and the destruction and removal of explosives in the primary
kiln exhaust gas has previously been established in Subsection
8.1.4.4. It has also been stated that the CO level in the kiln
gas may be a critical system design parameter in terms of indi-
cating the DRE of explosives, meeting stack emissions standards,
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and the requirement of auxiliary thermal treatment of the pri-

mary_kiln exhaust gas. Statistical evaluation and the litera-

$ ture’ indicate that a relationship exists between the kiln

¥ E operating temperature and soil feed rate in predicting the CO
)

concentration in the kiln exhaust gas. Of course, these two var-
iables are not the only parameters which affect the system's re-
sponse of CO. However, they do represent a major contribution.

C e

1

*

f Xy The kiln exhaust gas flow rate (i.e., flue gas residence time)

¥ would be another logical contributor, but was not available for

; 3 analysis since isokinetic conditions could not be achieved in ‘
4 !j the short duct between the primary and secondary chambers. Since y

the gas flow rate at the fabric filter inlet (which should be
, proportional to kiln exhaust gas flow rate) was available, and
) Eg was included in the analysis and did not contribute significant-
Y ly, it was assumed that the kiln exhaust gas flow rate was not a 4
significant contributor within the range evaluated. :

Figure 17 shows that based on the mean values of each set of
raw data points for soil feed rate and kiln temperature (Test .

e Run Nos. 0-1 and 1-5 excluded as data outliers), the CO concen-

P E: tration is constant and very low above kiln temperatures of .

I 1,400°F regardless of feed rate. This leads to the expansion ;

p ﬂ of the statistical equation to values outside of the tested .
. range as shown by Figure 18. These curves are based on the

, equation:

g i; Co =1,252 - 1.22 (Tkx) + 1.26 (Mg) .

‘ -

Where: CO = CO concentration in kiln exhaust gas (ppmy)
Tk = kiln temperature (°F) X
E' Mg = soil feed rate (1lb/hr) .

The equation is significant both in terms of contribution

o and probability of correctness. (Refer to Appendix B for an ex- A

) planation of statistical analyses and terminology.) Curiously, "

the concentration of explosives and elemental carbon in the

soil did not seem to be response-related variables in the

. model. Therefore, the accuracy of the model is questionable at
very low concentrations of these constituents.

! Mo s a5 s
r.'.]

S
NS

Iz rse22
| ¥X‘A
Il

The probability of residuals in the equation is depicted by

Figure 19. For the range of variables on which the equation is

based, it is 90 percent probable that the predicted value will :

o be within the range of + 150 ppm. At the higher kiln tempera- -
< tures the margin of error is drastically reduced since the raw

data are within those levels. K

> g
ii 9.3.2 Oxides of nitrogen (NOx). The NOx concentration )
in the stack gas is also an important criteria since the explo- ]
sives in the soils are nitrogen-based compounds and considerable
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regulatory focus from the state perspective will be directed at
evaluating the potential increases in ambient NOy concentra-
tions at surrounding off-site locations. The system equation
very closely correlated NOx mass emission rates in the stack
gas to two parameters.,

(a) Explosive (TNT) concentration in the feed soil.
(b) Soil feed rate.

Intuitively, one might expect a strong correlation between
thermal NOy formation and kiln and afterburner operating tem-
peratures. However, the key factor affecting thermal NOx for-
mation is flame temperature, not combustion chamber temperature.
Thermal NOx was controlled to low levels for all runs by con-
trolling the excess air supplied to the burner nozzles. A stoi-
chiometric propane flame (i.e., "zZero" excess air) temperature
is approximately 3,000°F resulting in relatively high thermal
NOx formation, Whereas, by providing 10 percent excess air to
the burner nozzles, (the set point for the IECS test program)
flame temperatures are decreased to approximately 2,2000F,
thereby substantially reducing thermal NOx formation.

Figure 20 illustrates the relationship between NOxy mass
emissions in the stack gas and feed soil TNT content and feed
rate. The curves in Figure 20 are described by the following
equation:

Where: Myo, = NOx mass rate in the stack gas (1lb/hr)

TNT® = TNT concentration in percent (i.e., for 20%
enter "20%)
Mg = soil feed rate (lb/hr)

As shown in Figure 20, NOy emissions increase with in-
creasing soil feed rate and increasing TNT concentration. Figure
21 presents the probability of residuals in the above equation.
Pigure 21 illustrates that for the range of variables on which
the model is based, it is 90 percent probable that the predicted
value will be within the range of + 0.5 pounds per hour.

93
4523A

) .y ’-\. -.' 3% VLW Y -. 's'.' \;,-.' \.'-.' LIy \;_.o."\'.\;, ‘-..‘_-...\'_-. 3 A AR .' et

RSl UL S LS L S A AR A

[S

W o A

. .‘.'-‘.‘.'o.-‘



@334 710S 3HL NI NOILVYHLNIONOD

b

»

o,
'al

...\.... ...\ -.\.«\h.\

1INL NO a3Svd SV9 ¥OVLS NI 3LVH NOISSINI SSYW*ON 0Z 3unoid

INOH 134 SpuUNod
8leipavd |10S

R T 2 % %

110G Ut INL %0p
110G Ut LINL %0€
110G Ut LNL %02
10S Ul INL %04

OLY

~

ARGS o

T N
N

ﬁ- RSy \} . 4\‘.\;‘. \-‘ f-. *\

LS

RS \.-%-

)
o

INOH 184 SPUNOy ‘a1ey XON
N

.\‘.

.

R ] EXXAARE ) | SO



FTETETN

SV ¥OV.1S 3HL NI *ON 504 NOILYND3
300N W31SAS IHL NO @3SVE STVNAISIY 40 ALIISVEOHd 1Z 3¥NOI4

R N AN I B

(%) Aunqeqoug

: e 08 ] & o o ] L
ﬁ... o o- ‘l-

4 ¥'@-
. 1 2@ 2
_ 3
Y e
ﬁ. s
Al M 0
3 ¢ 3 =
g R
v <
y g
w.. 4 & ‘ IM.\
b
w.
3 1%
N
P 4 0°0

4 ¢°0

AW DY : 8 RTAERA BN 7 A SO AR OSBRI TRV UNE

LN
o & %8 \ LIRS -..1.
B > e

ARl
,\..\....ft(&r.




s
20l Kl

1. ’ L]
v"! Y % ‘\ _.'.

l"" o

| ]
-
’l
v,
%
S
”
w
>’
o)

OLmqeERy Conma tants

9.3.3 Particulates, No attempt was made to develop corre-
lations to predict particulate loading in the stack gas since
the fabric filter consistently reduced particulate emissions two
orders of magnitude lower than required to meet the Illinois EPA
regulations or the Federal hazardous waste incinerator regula-
tions. However, if the particulate loading at the inlet of the
fabric filter is known in conjunction with the particulate siz-
ing distribution, key sizing parameters for the fabric filter
(i.e., air-to-cloth ratio, frequency of cleaning, pressure
drop, etc.) can be optimized. The particulate size distributions
for the SADA and LAAP fabric filter ash were presented in Fig-
ures 14 and 15, respectively. Figure 22 presents the relation-
ship between the fabric filter inlet particulate loading and the
kiln ash ~roduction rate based on a least-squares analysis. Fig-
ure 22 includes a "scatter plot™ of 18 test runs (Test Run No.
0-1 was excluded), and shows a general trend of increasing par-
ticulate loading at the fabric filter inlet with increasing kiln
ash production rate. Although the data are not strongly corre-
lated and, as shown in the scatter plot, variations of + 10 to
50 percent are common, it can be stated that the kiln ash-to-fly
ash ratio is within the range of 25:1 to 60:1.

9.4 Incinerator design variables affecting system econom-
ics.

9.4.1 Kiln ash production rate. The total ash production
rate is an important variable in estimating the ash residue dis-
posal costs. The kiln ash production rate is an important varia-
ble in establishing the design basis for ash removal, heat re-
covery, storage, and disposal systems,

No attempt was made to develop correlations to predict kiln
ash production rate since total ash production rate is equiva-
lent to the amount of ash in the feed soil. The kiln ash can be
estimated by simply subtracting the estimated fly ash (i.e., ash
in combustion gases going to the fabric filter) from the total
ash in the soil feed. As shown in Subsection 9.3.3, the fly ash
ranges from approximately 2 to 4 percent of the total ash, re-
sulting in kiln ash values ranging from 98 to 96 percent.
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08 gy COMBIL TANTS.

9.4.2 8So0il heating value. The heating value of the soil is
an important vari::ble in estimating fuel consumption, burner de-
sign, and heat release rates within the primary chamber. Figure
23 presents the projected soil heating value based on the per-
cent elemental carbon and percent volatiles in the feed soil.
The curves in Figure 23 are described by the following equation:

HHVg = =554 + 126 (% C) + 47 (% VM)

Where: HHVg

higher heating value of the soil (Btu/lb,
dry basis)

elemental carbon in the soil in percent
volatile matter in the soil in percent

$ C
% VM

Figure 24 presents the probability of residuals in the above
equation. Figure 24 illustrates that for the range of variables
on which the model is based, it is 90 percent probable that the
predicted value will be within the range of + 200 Btu per pound.

9.4.3 Fuel burn rate. Figqure 25 closely correlates overall
propane fuel consumption for the test burns based on the kiln
temperature (assuming the afterburner temperature is 400°F
higher), the soil heating value, the soil feed rate, total sys-
tem air flowrate, and the percent ash in the soil. As shown in
Figure 25, the propane burn rate decreases as kiln temperature
decreases and as soil feed rate increases. The curves in Figure
25 are given by the following equation:

Qc3Hg = 0.21 (M) + 0.77 (400 + Ty) ~ 0.24 (HHVg)
- 0.52 (Mg) - 9.0 (% ash) - 303

= propane burn rate (scfh)

= total system air flow rate (assumed 4,692
lb/hr)*

Tk = kiln temperature (©9F: assumes after-

burner is 400C0F higher)

Where: Qc.j
MA3 8

HHVg = higher heating value of the soil (assumed
868 Btu/lb, dry basis)*

Mg = soil feed rate (lb/hr)

$ ash = ash in the soil in percent (assumed 55,9%)*

Figure 26 presents the probability of residuals in the above
equation. Figure 26 illustrates that for the range of variables
on which the model .s based, it is 90 percent probable that the
predicted value will be within the range of + 70 scfh of pro-
pane.

*Based on the average air flow rate, heating value, and percent
ash in the soil for the 18 SADA and LAAP test runs summarized
in Figures 13 and 14.
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9.5 summary of optimum incinerator design criteria. As a
result of the analysis of the data generated during the IECS
testing program, the following guidelines for optimum incinera-
tor design have been developed:

(a) Soil feed rate. Based on the feed system tested and the
physical dimensions of the kiln, soil feed rates
above 400 pounds per hour cannot be recommended.
Higher feed rates appear to be practical as long as
the kiln design (i.e., kiln diameter, length, slope,
and speed of rotation) provides kiln ash residence
times in the range of 1 to 2 hours. For larger units
a "continuous®" rather than "bulk" feed system would
be preferable due to lower instantaneous heat release
rates when the soil is fed. Soil moisture content
should be minimized to reduce fuel consumption.

(b) Kiln temperature. Based strictly on explosives destruc-
tion, kiln temperatures as low as 800°F are ac-
ceptable as long as an afterburner temperature of at
least 1,200°F is maintained. However, operation of
the kiln below 1,200°F cannot be recommended be-
cause of poor kiln ash quality (i.e., large clinkers
and ammonia smell). If the kiln temperature is main-
tained at a minimum of 1,400°F, an afterburner is
not required for the control of any pollutants in-
cluding explosives and CO. There is no justification
for operating the kiln above 1,400°F with or with-
out an afterburner,

(c) Afterburner temperature. If an afterburner is provided,
there 1is no Jjustification for operation above
1,4000F and combustion gas residence times in ex-
cess of 1 to 2 seconds., Destruction of CO in the com-
bustion gases and not explosives is the most limiting
criteria for design of the afterburner.

(d) Burner design. Location of the kiln burner such that
the soil rotates directly into the flame after being
fed was a positive feature of the incinerator design.
Co-current firing (i.e., burner and soil feed at the
same end of the kiln) was also a positive feature
which essentially eliminates the requirement for an
afterburner.

The kiln burner heat input rate and turndown ratio
should be designed to accommodate a feed soil with a
heating value of 0 to 2,500 Btu per pound with mois-
ture contents as high as 30 percent. The secondary
burner (if required) should not be required to pro-

'é vide more than 2000F temperature increase above

o, the kiln temperature. However, a higher design heat
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(e)

(£)

(g)

(h)

(i)

eI COMMA Tantg

input rate may be practical to allow timely preheat
of the refractory.

Excess air. The induced draft fan and combustion air
inlet ports should be designed to provide 100 to 200
percent excess air in the primary chamber and up to
100 percent excess air in the secondary chamber.

Kiln ash collection/heat recovery. During the IECS
testing program, the kiln ash samples were collected
from four separate depths within each ash drum imme-
diately after the drum was removed from the ashpit.
The hot ash sample was composited, placed in a metal
can, and cooled by placing in a water bath. There-
fore, this sampling technique did not take credit for
further degradation of explosives that would most
likely have resulted due to long residence times of
the kiln ash in the drums at elevated temperatures
during gradual cool down. This sampling technique
closely approximates a full-scale kiln ash removal
system incorporating a planetary cooler (or similar
heat tranfer method) to preheat the combustion air or
waste heat boiler feed water,

Heat recovery. A heat recovery system (i.e., heat ex-
changer or waste heat boiler) with a design heat re-
covery efficiency of approximately 80 percent is re-
quired to cool the incinerator combustion gases prior
to entering the fabric filter.

Particulate control. A fabric filter is required for
particulate control, Based on the inlet loading and
particle size daistribution, a pulse-jet cleaned out-
side collector is recommended with a design air-to-
cloth ratio of 5:1.

Equipment size limitations. The use of a "transporta-
ble® incinerator appears to be extremely advantageous
for future remedial action projects. Therefore, indi-
vidual component design (e.g., rotary kiln) should
take into consideration size limitations for truck
and/or rail shipment,
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10. CONCLUSIONS AND RECOMMENDATIONS

10.1 Conclusions. The IECS project demonstrated the fol-
lowing:

(a) A "transportable" incineration system can be disassem-
bled, loaded on trucks, transported approximately
1,000 miles, and be reassembled and fully operational
within 2 weeks.

(b) The explosives contaminated soils can be excavated,
transported to the incineration site, fed into the
incinerator, and thermally decontaminated in a safe
and environmentally acceptable manner,

(c) Comparing the mass of explosives measured in the ash
residues and the stack gas to the mass of explosives
in the soil feed, the following destruction and re-
moval efficiencies were demonstrated:

- Greater than 99.99 percent destruction efficiency
in the kiln ash.

- Greater than 99.9999 percent destruction efficiency
in the fabric filter ash.

- No explosives detected in the stack gas, which re-
sults in an overall destruction and removal effi-
ciency (DRE) of 100 percent.

(d) stack emissions were in compliance with all Federal,
state, and local regulations including:

- Sulfur dioxide (s0y)

- Hydrogen chloride (HC1)

- Oxides of nitrogen (NOy)

- Carbon monoxide (CO)

- Particulates

(e) Ash residues were not hazardous due to the characteris-
tics of EP_ toxicity or reactivity. Application has
been filedl with tnhe Illinois EPA to allow land
application of the ash residues at the Savanna Army
Depot Activity.

(f) The incineration system demonstrated the capability of
safe and reliable operation over a wide range of op-
erating conditions, including a longer-term, steady-
state production mode of operation.
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‘_ & Comparison of the IECS project results to the applicable i!
20 Federal regulatory criteria demonstrated the following: -
%& (a) It appears that the explosives contaminated soils are -3
é exempt from selected sections of the Federal hazard- N
ous waste incineration standards (40 CFR, Part 264).
However, final judgment on this exemption will rest .
with the respective EPA Regional Administrator. Four .
factors combine to make an extremely strong case that
the EPA regional administrators would approve this )
exemption: T}

- The explosives contaminated soils, when mixed with
water, do not generate toxic gases and they are not .
cyanide~ or sulfide-bearing wastes. -]

- The concentrations of 40 CFR, Part 261 - Appendix "1
VIII hazardous constituents are extremely low.

- No other hazardous wastes would be incinerated sim-
ultaneously with the explosives contaminated soils.

- The incineration site would most likely be a remote
U.S. Army location which would further limit poten-
tial hazards to the general public.

(b) For future full-scale remedial action projects waste
analysis data must be submitted with the Part B per-

mit application for the project, If the above-de-

scribed exemption is granted, the implications would

be as follows:

- A formal trial burn would not be required.

- The incinerator would not be required to rz2et in-
cinerator performance standards (including the
99.99 percent DRE requirement),

- The incinerator would be exempt from all Federal
operating, monitoring, and inspection requirements.

All ash residues would be classified as hazardous

wastes; however, the IECS project results clearly
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A
e demonstrate that delisting of the ash residues should
= be a straightforward process, assuming the ash passes
»;;- the EP toxicity test.
1 (c) If the above exemption is not granted, the implications
o would be as follows:

»
L]

- Clearly, the results of the IECS test program
should exempt the U.S. Army from any further trial
burn requirements unless the waste analysis of the
explosives contaminated soils is significantly dif-
ferent than the SADA or LAAP soils,
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- The IECS test results demonstrated consistent com-
pliance with all incinerator performance standards.
- It appears that only two additional pieces of in-
strumentation would be required to supplement the
incineration equipment and controls supplied by
ThermAll, Inc. for the IECS test program: 1) a de-
vice for continuously measuring combustion gas ve-
locity, and 2) a device for continuously measuring
carbon monoxide at the stack.*
In summary, if the exemption is not granted the per-
s mitting and reporting requirements will most likely
be more rigorous and time consuming; however, compli-
2 ance with the requlations would not be problematic.
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In the early stages of the IECS project a test plan2 was
developed which identified key process variables and established
% a matrix of test conditions (replicated for two different soil
- types). This experimental design was selected to allow statisti-

cal evaluation of the test burn data. As a result, significant
a5 simple linear models were developed which accurately predict in-
< cinerator air pollutant emission criteria, as well as important
incinerator design parameters (e.g., ash production rates, soil
heating value, and supplemental fuel burn rate).
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l' A pneumatic ram feeder utilizing a standard l2-quart galvan-
. ized mop pail to contain the contaminated soil was selected and
F: designed specifically for this testing program. Traditional feed X
> systems (e.g., screw conveyors, ram feeders, etc.) were unac- -
ceptable due to the potential explosive hazards associated with -
' frictional forces and/or confinement. The bucket feed system met ‘
o all of the test objectives and proved to be very safe and re-
B liable. During the course of the testing program, the feed sys-
) tem cycled over 4,000 times without a single failure. However,
ﬁ: it is anticipated that the bucket feed system will not be suit-
s able for full-scale remedial action projects due to the dis-
advantages of limited feed rates (due to the required cycle
g times) and of being relatively labor intensive.

.l
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10.2 Recommendations. The success of the IECS testing pro- -
. gram (i.e., no explosives detected in the combustion gases en-
- tering the secondary chamber and stack CO and particulate emis-
sions orders of magnitude below the regulatory limits) suggests
that certain system/process modifications should be evaluated to

PP P ER

o *This device may serve a dual role since the IECS test data in-
’ dicate that CO monitoring will provide a dependable and cost-
effective way to ensure proper combustion of explosives, as
well as CO.
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optimize cost effectiveness, while at the same time meeting all
environmental goals. The evaluation of system/process modifica-
tions should include:

(a) Reduce the temperature of the secondary chamber to re-
duce fuel usage,

(b) Reduce the secondary chamber volume (i.e., flue gas
residence time) to reduce capital costs.

(c) Reduce the excess air supplied to both the primary and
secondary chambers to reduce fuel costs and fan power
costs.

{d) Potentially eliminate the secondary chamber and:

- Monitor CO at the kiln outlet,
- Increase the kiln flue gas residence time.
-~ Increase the kiln temperature.

(e) Increase the so0il feed rate to the Kiln to improve
overall economics and potentially increase the kiln
volume to provide adequate ash residence time,

(f) Increase the air-to~cloth ratio in the fabric filter
(i.e., reduce size of unit) to reduce capital costs.

(g) Evaluate the feasibility of retrofitting the U.S. Army
APE-1236 deactivation furnaces for thermally treating
explosives contaminated soils.

(h) Evaluate the feasibility of transporting the explosives
contaminated soils to a commercial incineration fa-
cility for thermal treatment.

The evaluation of the above system/process modifications
will be the objective of Phase II of the IECS project (Task Or-
der No. 7).
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> v Y
¥ The two analysis techniques applied to the raw data base

SIS were multiple linear reqression and balanced two-way factorial.

N

"N

b\ N B.l 1Two-way factorial. The balanced two-way factorial re-

ERy

N quires a balanced matrix of the controlled variables, in this
i case soil feed rate and kiln temperature (afterburner tempera-
ture was controlled, but was directly related to kiln tempera-

I B

'j -3 ture), and equal observations in each cell. A 3 by 3 matrix was
it b developed for the trial burns with two observations in each
-2 cell - the SADA soil and the LAAP soil. The raw test data were
wi analvzed using a Tektronix 4054 microcomputer and assoclated
‘ ] plot-50 analysis software.8+:9 The critical result of this
ot analysis was the relationship of CO, soil feed rate, and kiln .
SRS temperature. Additionally, the svstem software allowed the iden- {
P ;é tification of data outliers. !
v ' s
> ]

An important consideration Of anvy data set is the reveata-
. i bility of the data and the identification of outliers. A common
5 T means Of designating repeatability is fitting the data into a
"box and whisker" plot which graphically shows the median, in-
terquartile ranqe¥, extremes and symmetry of variable values. :
Refer to Fiqures B-1 through B-23 at the end of this appendix. D

|
MNINN
AR
A2

The proqram cateqorized the data values at the ends of the
distribution into three qroups:

-

4

VAR
.
a.‘x.fé' )

(a) Those values within L.5 Q-spreads of the upper or low- ]
er quartile. The two outermost of these values define

the ends of the whiskers and are called adjacent val- )

ues. i

X

]

S e (b) Those values between 1.5 and 3 Q-spreads from the upper

N or lower quartile, called outside values. Each out-

N side value is represented on the plot by a cross. )
AR (c) Those values more than 3 Q-spreads from the upper or ]
AIENA lower quartile, called far outside values. Each far 3
e = outside value 1s represented on the plot by a square. ?
‘:‘ -

o~

S *The lenath of the box - the interquartile ranqe - is called the

- Q-spread.

S
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The relativelv few 1dentified outside and far outside values i
demonstrate:

(a) Consistency of soil preparation. o

{b) Even distribution of constituents 1n the soil in the -
areas from which the feed was collected.

(c) High confidence i1n the sampling and analysis.

B.2 Multiple reqression. The multiple reqression analysis
reduces the data to a linear equation as discussed in Section Y, o
which can be used to predict impbortant resvonse variables. The '
use of stepwise analysis allows the determination of reqression
coefticients, whlle interactively specifving the system equa-
tions via addition or deletion of sinqular variables.

As with anvy statistical tool, there are limitations of the
multiple regqression technique; however, these lLimitations can be o
overcome as discussed in the following subsections. [~

In the case of a nonlinear relationship between the input o
variables and the response variable, the alternative procedures ‘u
include: o

(a) Reduce the span of the analysis of the response varia- v
ble until an acceptable correlation is found. e
(b) Transform the resvonse variable, e.q.,
LN(Y) = a + bpXp o
(c) Weigh each of the input variables, e.qa.,
Y = a + bywyxy + bywaxy + ... + bpwpXp
(d) Use multiple reqression as the initial iterative step
followed by analysis by a different technique to fin-
alize the correlation.
(e} Utilize the linear relationship in an estimation capac-
ity recognizing there may be variance from the true
relationship.

e

LR
.

J

In order to determine the exact relationship between the
variables over a useful span, the second, third, and fourth pro-
cedures would have to be emploved following each of a series of
trial operations similar to the test recently completed. This
would pbe very costly and time consuming, and is impractical for
this analysis.

]
A

[

"- P
RESES

A correlation which minimizes the variance from the true re- -
lationship could be developed using the second, third, and
fourth procedures to analvze the data recorded from the complet-
ed test. Although this procedure could extract some otherwise
indistinquishable relationships trom the data, it would be very
time consuming and 1s also not within the scope ot this project.

e e B S O
PR LS P

“ 'y /;”
a. !
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The method generally accepted as the 1nitial 1terative step
is a combination ot the first and fifth procedures, whereby a
basic correlation would be developed tollowed by the determina-~
tion of 1its useful span. This data analysis 1s based on this
method.

One advantage of multiple reqression is the ability to sim~
ultaneously analvze unlimited numbers of input variables. When
computers are used to perform the analvsis the number of invbut
variables may be limited by the software or hardware of the com-
puter. WESTON has utilized software and hardware which can ana-
lvze all of the test variables simultaneously. A Tektronix 4054
microcomputer and 1ts associated plot-50 statistics: Multiple
Linear Reqression software Dackaqe8 was utilized to vperform
the computations necessary for the iterative steps.

It should be noted, however., that the number of calculations
required to solve the equations used 1in the analysils 1ncreases
factorially as each additional variable 1is included in the anal-
ysis. Computer time should be a consideration when deciding the
number of i1nput varliables to be analvzed.

As the number of input variables increases, S0 does the
probaoility of coincidence (1.e., an input variable may not ac-
tually be correlated to the response variable other than by co-
1ncidence). While only additional testing can prove correlation
by coincidence, this factor can be discounted based on scientif-
1c judament and adjustment to the response parameters.

B.3 Final solution. Avplication of botn the two-way factor-
1al and multiple regression packages vielded identification of
outliers, ANOVA tables, reqression tables, plots of residuals,
and summary of successive significance of input variables.

The ANOVA table includes the following intormation*:

(a) SS - The sum of squares of the deviations.

(b) MS - The mean square, which is SS/dt.

(c) df - Degqress of freedom.

(d) F - The value of the F statistic, such that
F = (Reqression SS/df)/(Residual SS/dt).

*A glossary of statistical terms 1s provided in Table B-1 at the
end of this appendix.
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(e) Pr>F - The probability that a value of a random varia- 0
ble having the F-distribution takes on a value qreat-
er than the value of F, A value less than 0.l indi- o
cates siqgniticance ot the F statistic and, conse- .
qguently, the overall system equations. Statisticlans

normally associate a Pr >F value of less than 0.05 -
with a very significant hypothesis. -
(f) R-square - The coefficient of determination, which .

gives a measure ot the linear association between the
dependent variable and the set of independent varia- o
bles. The R-square value indicates the siqgnificance =
of the model (or variable) where 1.0 equals 100 per-
cent. -
() Rbar-square - An adjustment to R-square for its tenden- o
cy to increase as the number of independent variables
increases. The adjustment is -

1 - ((3res2/(n-p))/( 3(¥§-¥) 2/(n-1)) L
(h) Root of Residual MS - The square root of the residual
mean square. ~

The reqression table includes the following information for
each variable coefficient in the reqression equation:

(a) Estimate - The estimated value of the coefficient.

(b) Standard Error - The standard error of the regression .
coefficient estimates. o

(c) t - The value of the t-statistic, which 1s, for each <.
estimate:

Estimate/Standard Error.

(d) Pr > ABS(t) - The probability that the absolute value of
a random variable having the t-distribution takes on EN
a value qgreater than the absolute value of ¢t,. A
value of Pr > ABS(t) of less than 0.1 1indicates siq-
niticance ot the t-static and, consequently, the es-
timated value ot the coefticient. Statisticians nor-
mally associate a Pr> ABS(t) value of less than 0.05
with a vervy significant nypothesis.

| P

The value of the Durbin-Watson statistic can be used to test
whether the residuals are uncorrelated.
The plot of residuals indicates the difference between the
measured values and the fitted values in graphical form, obser-
vations for which the residual is qreater than one standard de- 2
viation are labeled on the plot. =4
B-4 %
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l! For each 1terative step, both the forward and backward step-

ping techniques are applied. The forward stepping analysis al-
-a lows the statistician to select a variable to be added to the
:5 model, or the Tektronix 4054 will automatically select the vari-

able which is most significant of those remaininq, and add it to
the model. The torward stepping technigue determines the marqin-
b al contribution of each variable added. The backward steoping
< technique 1ncludes all ot the selected variables to determine

interrelationshlps between the 1nput variabies and to calculate
T an overall system equation.

The 1teration process was continued until significant and
practlcal system equatlons were developed. System equations
o were rejected 1t:

(a) The probability that the hypothesized equation was not
correct exceeded 10 percent (Pr>F was not less than
0.1).

(b) The significance of the equation did not aoproach YU
percent (R-square did not approach 0.9) or too many
variables were required to reach this level.

(c) Separation of observations by soil type was redquired.

. (d) The range of response variables for which a correlation

. could be developed was too small.

» (e) Transformation of the data was required.

B

i
W

o Input variables were eliminated from the system equations
e based on:

mined by the R~squared value computed durinq the for-
ward stepping process.
(b) A high probapbility that the hypothesized variable coef -

!2 (a) Insignificant mardinal contribution to the model deter-
*-

‘. ficlent was not correct as determined by the analvysis
A of the t statistic of the reqression table (Pr>
ABS (t)).
- (c) Scientific and i1ntuitive reasoning sudgesting alterna-
-2 tive correlations between the input variable 1n gues-
h tion and the response variaple.
- (d) The coefticient ot the input variable was corrective. {

The system model 1s a set of simple linear equations which |
describe certain system parameters and enaole the projection of
responses to be calculated based on measureablie input data. The
use ot the system model can vary from a basis for an environ-
mental permit application to becoming an aid for system desiqan
" or ultimately a dynamic model. The intended use of the system

-
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equations tor the purposes of this report 1s the projection of .
system requirements to ald in future technical and economic
feasibility analyses of incineration as a decontamination method

for explosives contaminated solls as well as system desiqn.
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TABLE B-1. GLOSSARY OF STATISTICAL TERMINOLOGY

Ad jacent value - The furthest data value from the median that 1s
still within 1.5 Q-spreads of the upper or lower guartile.

ANOVA table - Analysis of Variance table. The ANOVA table pro-
vides a useful summary of calculations about variability. It
contains sums of squares and mean square estimates of the two
sources of variability (reqression and residuals) and their re-
spective deqrees ot freedom, the value of the F-statistic, R-
square, Rbar-square, and Pr F.

Censored data - Data falling outside the interval of
measurement.

Depencent variable - The variable to be described in terms of
others 1in the regression model.

Far outside value - A data value lving more than 3 Q-spreads be-
yond the upper or lower quartile.

Fitted values - Values of the dependent variable calculated from
the regression equation and existing values of the 1ndependent
variables 1n the model.

Independent variable - A variable used, possibly in conjunction
with other variables, to describe a given dependent variable,

least squares - The least-squares method is a method of line-
fitting that determines parameter values to minimize the sum of
squares of the deviations (lenaths of the vertical line seq-
ments) from the observed data points to the line.

Mean - The arithmetic averaqe of a column of data.

Median -~ The middle value in an ordered column of data:; that 1is,
the data value half way between the top and bottom.

Missing-data value - A numeric constant used as a place holder
tor data missing from the data set.

Mode - 11 : value that occurs most otten 1n a data set.

Model - A statistical equation that expresses the supposed
(often only approximate) functional relation between variables.
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TABLE B-L. (Continued) -

Observation - A row of data 1n a data file., LT

Outliers - A pair of values being plotted is an outlier 1f the —
value for one of the variables falls outside a specified number .
of standard deviations from its mean. (Qutliers for an index
plot are defined only on the variable for the y axis.) More gen-
erally, any discrepant value.

Outside value - A data value lyving between 1.5 and 3 Q-spreads
beyond the upper or lower quartile,

Pr> ABS(t) - The probability that the absolute value of a random

variable having the the t distribution takes on a value qreater .
than the value 0of the t statistic calculated as part of the re- L
gression table. i

Pr> F - The probability that a random variable having the F dis- N
tribution takes on a value greater than the value of the F sta- i
tistic calculated as part of the ANOVA table.

Predicted value - The value of the dependent variable calculated %;
from the regression equation and new values of the independent )
variables in the model,

Probability plot - Values of a variable plotted on a probability RS
scale. The horizontal scale refers to percentages of the proba-
bilaity distribution. The vertical scale, an ordinary arithmetic -
scale, 1s for the variable. The degree to which the data lies on e
a straignt Lline 1indicates the closeness of fit of the sample
distribution to the theoretical distribution. -

Q-spread - The distance between the quartiles.

Raw data - The set of data values read from a data file and used
directly by an alqorithm, as opposed to a set of data read from
a data file and manipulated by transformations before being
used.

v

X
1

Reqression coefficient - The coefficients of the equation used
in a reqression model.

"l
T

S

Regression table - A table that provides a summary of reqression
calculations. It contains parameter estimates, the standard er-
ror of the estimates, the value of the t statistic, the t proba-
bility, and the mean and standard deviation of the devpendent
variable.

.
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TABLE B-1l. (Continued)

(. Residuals - The difference between the actual values and the
- fitted values of the dependent variable (see definition for e).

" Resistant line - A line fitted through the data by resistant
- techniques rather than by least squares. The resistant line 1is

less sensitive to the effects of outliers, especlially when the
outliers are near the extremes of the data.

Response variable - Another name for a dependent variable.

T_i

:; Scatter plot - A scatter plot is a gqravphical display showing how
v two varlables are related to each other.

o Standard deviation - The square root of the variance.

w

Standard error of the mean - The standard deviation of a set of
by sample means.

f~

‘ variance - The averaqe of the sum of the squares of the devia-
. tion of each observation from the mean of the variable.

w

\
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PART 261—IDENTIFICATION AND
LISTING OF HAZARDOUS WASTE

Appendix VII—Basis for Listing

Appendix Vill—Hazardous Constituents
Authority: Secs. 1008, 2002(a), 3001, and

3002 of the Solid Waste Disposal Act. as

amended by the Resource Conservation and

Recovery Act of 1976, as amended (42 U.S.C.

6905, 8912, 6921 and 6922).

Subpart A—General

§ 261.1 Purposs and scope.

(a) This Part identifies those solid
wastes which are subject to regulation
as hazardous wastes under Parts 262
through 285 and Parts 122 through 124 of
this Chapter and which are subject to
the notification requirements of Section
3010 of RCRA. In this Part:

(1) Subpart A defines the terms “solid
waste” and “hazardous waste,”
identifies those wastes which are
excluded from regulation under Parts
262 through 265 and 122 through 124 and
establishes special management

(c) A material is "discarded” if it is
abandoned {and not used. re-used.
reclaimed or recycled) by being:

(1) Disposed of; or

(2) Burned or incinerated. except
where the material is being burned as 8
fuel for the purpose of recovering usable
energy: or

(3) Physically, chemically. or
biologically treated (other than burned
or incinerated) in lieu of or prior to being
disposed of.

(d) A material is “disposed of” if it is
discharged. deposited. injected. dumped.
spilled, leaked or placed into or on any
land or water so that such material or
any constituent thereof may enter the
environment or be emitted into the air or
discharged into ground or surface
waters. :

(e} A “manufacturing or mining by-
product” is a material that is not one of
the primary products of a particular

Subpart A—Generat requirements for hazardous waste manufacturing or mining operation. is a
Sec. produced by small quantity generators secondary and incidental product of the
261.1 Purpose and scope. and hazardous waste which is used. re-  particular operation and would not be
261.2 Definition of solid waste. used. recycled or reclaimed. solely and separately manufactured or
2613 Definition of hazardous waste. (2) Subpart B sets forth the criteria mined by the particular manufacturing
2614 Exclusions. used by EPA to identify characteristics  or mining operation. The term does not
261.5 Special requirements for hazardous of hazardous waste and to list particular -include an intermediate manufacturing
waste produced by suall quantity hazardous wastes. or mining product which results from
generators. (3) Subpart C identifies characteristics one of the steps in & manufacturing or

261.8 Special requirements for hazardous
waste which is used, re-used, recycled or
reclasimed.

of hazardous waste.
(4) Subpart D lists particular
hazardous wastes.

mining process and is typically
processed through the next step of the
process within a short time.

pe Criteria for Identifying the (b) This Part identifies only some of
Characteristics of i&mdou- Waste and for the materials which are hazardous §2613 Doﬂnmon of hazardous vfut-.
g wastes under Sections 3007 and 7003 of {a) A solid waste, as defined in

201.10 Criteria for identifying the
characteristics of hazardous wastes.
261.11 Criteris for listing hazardous waste.

Subpert C—~Characteristics of Hazardoue
Waste

261.31 Hazardous wastes from non-specific
sources

Appendix [—Represeniative Sampling
Methods

Appendix [I—EP Toxicity Test Procedures

Appendix II—Chemical Analysis Test
Methods

Appendix [V—{Reserved for Radiosctive
Waste Test Methods)

Appendix V—{Reserved for Infectious Waste
Trestment Specifications)

Appendix VI—{Reserved for Eiologic
Agents]

RCRA. A material which is not a
hazardous waste identified in this part
is still a hazardous waste for purposes
of those sections if:

(1) In the case of Section 3007, EPA

(a) A solid waste is any garbage,
refuse, sludge or any other waste

agricultural operations. or from
community activities which:

(1) Is discarded or is being
accumulated. stored or physically.
chemically or biologically treated prior
to being discarded: or

(2) Has served its original intended
use and sometimes is discarded; or

(3) Is a manufacuring or mining by-
product and sometimes is discarded.

c-1

§ 261.2. is @ hazardous waste if:

(1) It is not excluded from regulation
as a hazardous waste under § 261.4(b);
and

(2) It meets any of the following

261.20 General. has reason to believe that the material criteria:
28121 Characteristic of ignitabtlity. may be a hazardous waste within the (i) It is listed in Subpart D and has not
26122 Charsctaristic of corrosivity. meaning of Section 1004(5) of RCRA. been excluded from the lists in Subpart
. 2123 Characteriatic of mactivity. (2) In the case of Section 7003, the D under §§ 280.20 and 260.22 of this
{ cteristic - statutory elements are established. Chapter.
¢ Subpaert D-—Lists of Hazardous Wastes (i) It is a mixture of solid waste and
- 26130 General. §2612 Definition of solid wasts. one or more hazardous wastes listed in

Subpart D and has not been excluded
from this paragraph under §§ 260.20 and

L 20132 Hazardous wastes from specific material which is not excluded under 260.22 of this Chapter.

{ sourcas. ) ) § 261.4(a). (iii) It exhibits any of the

5 281.33 mdm'f."d;d wm";";“““’d‘;‘ , (b) An “other waste material” is any characteristics of hazardous waste

¥ ;. "‘:1.‘ ‘h‘:m::'u‘::'m d°. ':up‘mi;:;” solid. liquid. semi-solid or contained identified in Subpart C.

b. ) ) P " gaseous material, resulting from (b} A solid waste which is not
Appendices industrial, commercial. mining or excluded from regulation under

paragraph {a)(1) of this section becomes
a hazardous waste when any of the
following events occur:

(1) In the case of a waste listed in
Subpart D, when the waste first meets
the listing description set forth in
Subpart D.

(2} In the case of a mixture of solid
waste and one or more listed hazardous
wastes. when a hazardous waste listed
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in Subpart D 1s first added to the solid
waste.

{3} In the case of any other waste
{(including & waste mixture), when the
waste exhubits any of the characteristics
identified in Subpart C.

(c) Unless and until it meets the
cnitena of paragraph (d):

{1) A hazardous waste will remain a
hazardous waste. ~

(2} Any solid waste generated from
the treatment, storage or disposal of a
hazardous waste. including any sludge,
spill residue, ash. emission control dust
or leachate (but not including
precipitation run-off), is a hazardous
waste.

(d) Any solid waste described in
paragraph () of this section is not a
hazardous waste if it meets the
followng criteria:

(1) In the case of any solid waste, it
does aot exhibit any of the
characteristics of hazardous waste
identified in Subpart C.

(2) In the case of a waste which is a
listed waste under Subpart D, contains a
waste listed under Subpart D or is
derived from a waste listed in Subpart
D. it also has been excluded from
paragraph (c) under §§ 260.20 and 260.22
of this Chapter.

$261.4 Exclusions.

(a) Materials which are not solid
wastes. The following materials are not
solid wastes for the purpose of this Part:

(1) (i) Domestic sewage: and

(ii) Any mixture of domestic sewage
and other wastes that passes through a
sewer system to a publicly-owned
treatment works for treatment.
“Domestic sewage” means untreated
sanitary wastes that pass through a
sewer system.

(2) Industrial wastewater discharges
that are point source discharges subject
to regulation under Section 402 of the
Clean Water Act. as amended.

[Comment: This exclusion applies only
to the actual point source discharge. It
does not exclude industrial wastewaters
while they are being collected, stored or
treated before discharge, nor does it
exclude sludges that are generated by
industrial wastewater treatment.]

{3) Irrigation return flows.

(4) Source, special nuclear or by-
product material as defined by the
Atomic Energy Act of 1954, as amended.
42 U.S.C. 2011 e! seq.

(5) Materials subjected to in-situ
mining techniques which are not
removed from the ground as part of the
extraction process.

(b) Solid wastes which are not
hazardous wastes. The following solid
wastes are not hazardous wastes:

(1) Household waste. including
household waste that has been
collected, transported, stored. treated.
disposed,. recovered (e.g.. refuse-derived
fuel) or reused. “Household waste"
means any waste material (including
garbage, trash and sanitary wastes in
septic tanks) derived from households
(including single and multiple
residences, hotels and motels.)

(2) Solid wastes generated by any of
the following and which are returned to
the soils as fertilizers:

(i) The growing and harvesting of
agricultural crops.

(ii) The raising of animals. including
animal manures.

(3) Mining overburden returned to the
mine site.

(4) Fly ash waste, bottom ash waste,
slag waste, and flue gas emission
control waste generated primarily from
the combustion of coal or other fossil
fuels.

(5) Drilling fluids, produced waters,
and other wastes associated with the
exploration, development, or production
of crude oil, natural gas or geothermal

energy.

" $261.5 Special requirements for

hazardous waste generated by small
Jenerators.

(a) Except as otherwise provided in
this section, if a person generates, in a
calendar month, a total of less than 1000
kilograms of hazardous wastes, those
wastes are not subject to regulation
under Parts 262 through 285 and Parts
122 through 124 of this Chapter, and the
notification requirements of Section 3010
of RCRA.

(b) Uf a person whose waste has been
excluded from regulation under
paragraph (a) of this Section
accumulates hazardous wastes in
quantities greater than 1000 kilograms,
those accumulated wastes are subject to
regulation under Parts 282 through 285
and Parts 122 through 124 of this
Chapter, and the notification
requirements of Section 3010 of RCRA.

(c) If a person generates in a calendar
month or accumulates at any time any of
the following hazardous wastes in
quantities greater than set forth below,
those wastes are subject to regulation
under Parts 262 through 285 and Parts
122 through 124 of this Chapter, and the
notification requirements of Section 3010
of RCRA:

{1) One kilogram of any commercial
product or manufacturing chemical
intermediate having the generic name
listed in § 261.33(e).

(2} One kilogram of any off-
specificadon commercial chemical
product or manufactuning chemical
intermediate which. if it met

specifications, would have the generic
name listed in § 261.33(e).

(3) Any containers identified in
§ 261.33(c) that are larger than 20 liters
in capacity:

(4) 10 kilograms of inner liners from
containers identified under § 261.33(c}:

(5) 100 kilograms of any residue or
contaminated soil, water or other debris
resulting from the cleanup of a spill. into
or on any land or water, of any
commercial chemical product or
manufacturing chemical intermediate
having the generic name listed in
§ 261.33(e).

(d) In order for hazardous waste to be
excluded from regulation under this
section, the generator must comply with
§ 262.11 of this Chapter. He must also
either treat or dispose of the waste in an
on-site facility, or ensure delivery to an
off-site treatment. storage or disposal
facility, either of which is:

(1) Permitted by EPA under Part 122 of
this Chapter, or by a State with a
hazardous waste management program
authorized under Part 123 of this
Chapter;

(2) In interim status under Parts 122
and 265 of this ZLapter:; or,

(3) Permitted, licensed, or registered
by a State to manage municipal or
industrial solid waste.

{e) Hazardous waste subject to the
reduced requirements of this section
may be mixed with non-hazardous
waste and remain subject to these
reduced requirements even though the
resultant mixture exceeds the quantity
limitations identified in this section,
unless the mixture meets any of the
characteristics of hazardous waste
identified in Subpart C.

§ 261.6 Special requirements for
hazardous waste which is used, re-used,
recycied or reciaimed.

(a) Except as otherwise provided in
paragraph (b) of this section. a
hazardous waste which meets either of
the following criteria is not subject to
regulation under Parts 262 through 285
or Parts 122 through 124 of this Chapter
and is not subject to the notification
requirements of Section 3010 of RCRA
until such time as the Administrator
promulgates regulations to the contrary:

(1) It is being beneficially used or re-
used or legitimately recycled or
reclaimed.

{2) It is being accumulated. stored or
physically, chemically or biologically
treated prior to beneficial use or re-use
or legitimate recycling or reclamation.

(b) A hazardous waste which is a
sludge. or which is listed in Subpart D.
or which contains one or more
hazardous wastes listed in Subpart D;
and which 18 transported or stored pror
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characteristic may:

(i) Cause, or significantly contribute
to, an increase in mortality or an
increase in serious irreversible, or
incapacitating reversible, iliness; or

(ii) Pose a substantial present or
potential hazard to human health or the
environment when it is improperly
treated, stored. transported, disposed of
or otherwise managed; and

(2} The characteristic can be:

(i) Measured by an available
standardized test method which is
reasonably within the capability of
generators of solid waste or private
sector laboratories that are available to
serve generators of solid waste; or

(ii) Reasonably detected by generators
of solid waste through their knowledge
of their waste.

§ 261.11 Criteria for listing hazardous
waste.

(a) The Administrator shall list a solid
waste as a hazardous waste only upon
determining that the solid waste meets
one of the following criteria:

(1) It exhibits any of the
characteristics of hazardous waste
identified in Subpart C.

{2) It has been found to be fatal to
humans in low doses or. in the absence
of data on human to..icity, it has been
shown in studies to have an ora] LD 50
toxicity (rat) of less than 50 milligrams
per kilogram. an inhalaiion LC 50
toxicity {rat) of less than 2 milligrams
per liter, or a dermal LD 50 toxicity
(rabbit) of less than 200 milligrams per
kilogram or is otherwise capable of
causing or significantly contributing to
an_increase in serious irreversible, or
incapacitating reversible. illness. (Waste

constituent.

{v) The potential for the constituent or
any toxic degradation product of the
constituent to degrade into non-harmful
constituents and the rate of degradation.

(vi) The degree to which the
constituent or any degradation product
of the constituent bioaccumulates in
ecosystems.

(vii) The plausible types of improper
management to which the waste could
be subjected.

(viii) The quantities of the waste
generated at individual generation sites
or on a regional or national basis.

{ix) The nature and severity of the
human health and environmental
damage that has occurred as a result of
the improper management of wastes
containing the constituent.

(x} Action taken by other
governmental agencies or regulatory
programs based on the heslth or
environmental hazard posed by the
waste or waste constituent.

(xi) Such other factors as may be
appropriate,

Substances will be listed on Appendix
VIII only if they have t2en shown in
scientific studies to have toxic,
carcinogenic, mutagenic or teratogenic
effects on humans or other life forms.

(Wastes listed in accordance with
these criteria will be designated Toxic
wastes.)

(b) The Administrator may list classes
or types of solid waste as hazardous
waste if he has reason to believe that
individual wastes, within the class or
type of waste, typically or frequently are
hazardous under the definition of
hazardous waste found in Section
1004(5) of the Act.

e .
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to being used. re-used. recycled or listed in accordance with these criteria {c) The Administrator will use the
reclaimed is subject to the following will be designated Acute-Hazardous criteria for listing specified in this
l requirements with respect to such Waste.) section to establish the exclusion limits
- transportation or storage: {3) It contains any of the toxic referred to in § 261.5(c).
(1) Notification requirements under constituents listed in Appendix VIII .
. Section 3010 RCRA. unless, after considering any of the Subpart C—Characteristics of
N (2) Part 262 of this Chapter. following factors, the Administrator Hazardous Waste
N (3) Part 263 of this Chapter. concludes that the waste is not capable §261.20 General
(4) Subparts A, B, C.'D and E of Part of posing a substantial present or A solid defined i
264 of this Chapter. potential hazard to human heaith or the (a) ’°hi waste, a8 cle "j“z h_“‘
w (5) Subparts A,B,C,D.E,G. H. 1] environment when improperly treated, § 2612, which ‘;“‘“ exctuded trom d
and L of Part 265 of this Chapter. stored, transported or disposed of, or regulation as “h azar rddous waste.;u_at er
- (6) Parts 122 and 124 of this Chapter,  otherwise managed: § xzhei‘l'f‘[b)' 13 °f t;“ h°“’ r’a,‘“; 1
with respect to storage facilities. (i} The nature of the toxicity presented ¢ bits any of the characteristics
. by the constituent. identified in this Subpart.
- Subpart B—Criteria for identifying the  "(ij) The concentration of the [Comment: § 26211 of this Chapter sets
{ Characteristics of Hazardous Waste constituent in the waste. forth the generator's responsibility to
and for Listing Hazardous Waste (iii) The potential of the constituent or  determine whether his waste exhibits
- titying any toxic degradation product of the one or more of the characteristics
. 2,,2:,'.;?.,.3,':': m” '."': constituent to migrate from the waste identified in this Subpart)
- (a) The Administrator shall identify into the environment under }he types of (b) A hazardous waste which is
and define a characteristic of hazardous = BProper management considered in identified by a characteristic in this
waste in Subpart C only upon paragraph (a)(3)(vii) of this section, subpart, but is not listed as a hazardous
L determining that; (iv) The .persistence' of the constituent  waste in Subpart D, is assigned the I-_ZPA
(1) A solid waste that exhibits the or any toxic degradation product of the Hazardous Waste Number set forth in

the respective characteristic in this
Subpart. This number must be used in
complying with the notification
requirements of Section 3010 of the Act
and certain recordkeeping and reporting
requirements under Parts 262 through
265 and Part 122 of this Chapter.

{c) For purposes of this Subpart, the
Administrator will consider a sample
obtained using any of the applicable
sampling methods specified in Appendix
1 to be a representative sample within
the meaning of Part 280 of this Chapter.

[Comment: Since the Appendix I
sampling methods are not being formally
adopted by the Administrator. a person
who Aesires to employ an alternative
sampling method is not required to
demonstrate the equivalency of his -
method under the procedures set forth in
§§ 260.20 and 260.21.]

§ 26121 Characteristic of ignitabiiity.

(a) A solid waste exhibits the
characteristic of ignitability if a
representative sample of the waste has
any of the following properties:

(1) It is a liquid, other than an aqueous
solution containing less than 24 percent
alcohol by volume, and has a flash point
less than 60°C (140°F), as determined by
a Pensky-Martens Closed Cup Tester.
using the test method specified in ASTM
Standard D-83~79, or a Setaflash Closed
Cup Tester, using the test method
specified in ASTM standard D-3278-78,
or as determined by an equivalent test
method approved by the Administrator
under the procedures set forth in
§§ 280.20 and 260.21.!

' ASTM Standards are available from ASTM.
1918 Race Street. Philadelphia. PA 197103
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(2) It is not a liquid and is capabile,
under standard temperature and
pressure. of causing fire through friction.
absorption of moisture or spontaneous
chemical changes and. when ignited.
burns so vigorously and persistently that
is creates a hazard.

(3) It is an ignitable compressed gas as
defined in 49 CFR 173.300 and as
determined by the test methods
described in that regulation or
equivalent test methods approved by the
Administrator under §§ 260.20 and
260.21. .

(4) It is an oxidizer as defined in 49
CFR 173.151.

(b} A solid waste that exhibits the
characteristic of ignitability. but is not
listed as a hazardous waste in Subpart
D, has the EPA Hazardous Waste
Number of D001.

§261.22 Characteristic of corrosivity.

(a) A solid waste exhibits the
characteristic of corrosivity if a
representative sample of the waste has
either of the following properties:

(1) It is aqueous and has a pH less
than or equal to 2 or greater than or
equal to 12.5, as determined by a pH
meter using either the test method
specified in the “Test Methods for the
Evaluation of Solid Waste, Physical/
Chemical Methods” *(also described in
“Methods for Analysis of Water and
Wastes" EPA 800/4-79-020, March
1979), or an equivalent test method
approved by the Administrator under
the procedures set forth in §§ 260.20 and
260.21.

(2) It is a liquid and corrodes steel
(SAE 1020} at a rate greater than 6.35
mm (0.250 inch) per year at a test
temperature of 55°C (130°F) as
determined by the test method specified
in NACE (National Associstion of
Corrosion Engineers} Standard TM-01-
69 ? as standardized in ““Test Methods
for the Evaluation of Solid Waste,
Physical/Chemical Methods.” or an
equivalent test method approved by the
Administrator under the procedures set
forth in §§ 260.20 and 260.21.

(b) A solid waste that exhibits the
characteristic of corrosivity, but is not
listed as a hazardous waste in Subpart
D. has the EPA Hazardous Waste,
Number of D002.

’

 This document is evailable from Solid Waste
Information, U.S. Envir | Protecti
28 W. SL Clair Street. Cincinnati, Ohio 45288
*The NACE Standard is available from the
Netional Association of Corrosion Engineers, P.O.
Box 908, Katy. Texas 77450.

§261.23 Characteristic of reactivity.

(a) A solid waste exhibits the
characteristic of reactivity if a
representative sample of the waste has
any of the following properties:

(1) It is normally unstable and readily
undergoes violent change without
detonating.

(2} It reacts violently with water.

(3) It forms potentially explosive
mixtures with water.

(4) When mixed with water, it
generates toxic gases. vapors or fumes
in a quantity sufficient to present a
danger to human health or the
environment.

(5) It is & cyanide or sulfide bearing
waste which, when exposed to pH
Tonditions between 2 and 12.5, can
generate toxic gases, vapors or fumes in
a quantity sufficient to present a danger
to human health or the environment.

(8) It is capable of detonation or
explosive reaction if it is subjected to a
strong initiating source or if heated
under confinement.

{7) It is readily capable of detonation
or explosive decomposition or reaction
at standard temperature and pressure.

{8) It is a forbidden explosive as
defined in 49 CFR 173.51, or a Class A
explosive as defined in 49 CFR 173.53 or
a Class B explosive as defined in 49 CFR
173.88.

(b) A solid waste that exhibits the
characteristic of reactivity, but is not
listed as a hazardous waste in Subpart
D, has the EPA Hazardous Waste
Number of D003.

§261.24 Characteristic of EP Toxieity.

{a) A solid waste exhibits the
characteristic of EP toxicity if, using the
test methods described in Appendix I
or equivalent methods approved by the
Administrator under the procedures set
forth in §§ 260.20 and 280.21. the extract
from a representative sample of the
waste contains any of the contaminants
listed in Table I at a concentration equal
to or greater than the respective value
given in that Table. Where the waste
contains less than 0.5 percent filterable
solids, the waste itself. after filtering, is
considered to be the extract for the
purposes of this section.

(b) A solid waste that exhibits the
characteristic of EP toxicity. but is not
listed as a bazardous waste in Subpart
D, has the EPA Hazardous Waste
Number specified in Table | which
corresponds to the toxic contaminant
causing it to be hazardous.

o
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Table l.—Maximum Concentration of
Contaminants for Characteristic of EP Toxicity—

Conbnued
EPA Mamrmm
B c
waste {meligrams
Aumber Der ter)

0005 Barum 1000

[0 ] [ 10

0007 Ch 50

Ooos Lead 50

0009 Y 02

0010 S 10

ooty Siver - $0

D012, Endnn (1,2,3.4.10.10- 0.02
hexachioro-1.7
1,4.40.5.6.7.0.00-
octalwdro-1.4-endo. endo-

S,

D013 Lindane (1,234.5.6- 04
”“‘ w’ .

DOt4 . Methomychior (1,1.1- 10.0
Trichioro-2.2-bs (o-
methonyphenyllethans).

0015 Toxaphene (CuHwCl. 05
Techrecal chiorewted
camphens, 67-80 percent
chionne),

Do1s.... —— 240, (24 100
Drxchiorophenaxyacetc
acid).

DOAY o 2.4.5-TP Sibvex (245 1.0
TnChioraphenoxyprogenc
aod).

Subpart D—Lists of Hazardous Wastes

§261.30 Genersl

{a) A solid waste is a hazardous
waste if it is listed in this Subpart.
unless it has been excluded from this list
under §§ 260.20 and 280.22. ’

(b) The Administrator will indicate his
basis for listing the classes or types of
wastes listed in this Subpart by
employing one or more of the following
Hazard Codes:

o Waste. 1]
C Waste ©
A Weste ®)
EP Tosac Waste ®)
Acste + Wasts. ()]
Towe Waste m

Appendix V1I identifies the constituent
which caused the Administrator to list
the waste as an EP Toxic Waste (E) or
Toxic Waste (T) in §§ 261.31 and 261.32.

(c) Each bazardous waste listed in this
Subpart is assigned an EPA Hazardous
Waste Number which precedes the
name of the waste. This number must be
used in complying with the notification
requirements of Section 3010 of the Act
and certain recordkeeping and reporting
requirements under Parts 262 through
285 and Part 122 of this Chapter.

(d) Certain of the hazardous wastes
listed in § 261.31 or § 261.32 have
exclusion limits that refer to '

§ 261.5(c)(5).
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§ 261.31 Hazardous waste from nonspecific sources.

Industry and EPA Hazasdous waste Hararg code
hazardous wasie No.

Ganenc.
FoO1 ... The spent halog: s0h used in degr 9. tetrachioroethylene, inchioroethylens, mathylens chionde. 1,1.1-tnchioroethane. carbon  (T)
ide, and the d fu lmmhomlh-vocovqydmwunmmop«nm
FOOZ ...........coccrmverrrrrermmromrcee TS apant halog Jvents h ylene, ylene chioride, ethylens, 1,11 L 142- M
i 1,22 ¥iflucrosty o b i ofk thane and the stil from the ,onmu h

FO03 .. The spent non-halog xylene, athyl othyl b . eyl ether, n-butyl aioohoi, Cyclohexanons, and the stll (1)

fhc 00, and the st botiloms from the recovery of these solvents ... *(T)
, methyl ethyl ketone, methy! isobutyl ketone, carbon dheulh . pY an
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§261.32 Hazardous waste from specific sources.

industry and EPA Hazardous waste Hazarg code
hazardous waswe No.

Wood Praservabon: KOO1.............. Botiom sadiment shudge rom the beatment of wastewalers rom wood presening processes that use creosote and/or pentachiorophenol ...
inorparec Pygments:

K002 ... A treatment siudge from the produchon of ctwvome yeliow and orange p
X0a..- w treatment skuige from the production of molybdale orange pigr
K004 W, [ mmv-mdwmﬂ

KOO5 ... ... . Wi shuige from the of ch green

3 J

..,Hmyuu:aﬁsunmmmmwmuwbmlwm
. Heavy ends (stil b from the purifs | n the production of epichlorohydnn ..
Heavy ends from n ethyl i I

Mmmmmmdnmmmnummmmum
Heavy ends from the destilabon of vinyl chionde in vyl chionde MONOMer produchon .
Aquecus spert antmony catalyst waste from fluoromethanes producton.....
Owtiligton bottom tars from the production of phenol/scetons from cumene ..
Mmmmmmmammkomwwwm
Oxstiftation b from the production of phthalic anhydnde from naphthaiens. ...

3

Spert y ' nmnlhepvoduchonoﬂﬂ‘mmuo.m
- wmmmmmmnm,‘ of 1.1.1 .
Cohrmn or haavy ands om the combined production of tnchioroethytene and perchioroetirylense ..........

mmmmwnwwuusmmmm e et e
treatment sludge rom the production of CINOMGaN® ......................ccceeeeveieeen., e

. wwmwwmmmﬁmmmmaunmmwmmm .

mmmnmdmmmmnmummmm PR

n the product

IR | FOPRRIRIGPAEY ). §

PN

.

. W " siuig mmmnmmnmwmmmmvn e
Sounw'rumm. ol

- A hommomr-mcum |ormuubon and b-angofmbuod mtmocotwo\m .....
M/mmmmm .

~. Dwsolved e flowton (DAF) flost from the petroleurn refrung INCUstry . ..
— Siop ol emaidmon sohds from the petroleum refining INdustry
. anwdedw-vwhmmpouobumuhmnnomw
K051 . . AP ssparsior shiige from the petroleum refring ndustry - .
K052 . - Tank botoms (leaded) from the petraleum refinng industry
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Chvome (biue) thmmangs genersted by the following subicalegones of the leather tanming and firshing Industry hair pulp/ctvome tan/retan/ ()
wot frush. har save/clwome tan/retan/wet hrvh. retan/wet firish, no basmhouse. through-the-biue, and shearing
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§ 261.32 Hazsrdous waste from specific sources. —Contnued
A N n-lummw EPA Hazardous waste Haz1ar0 code "
_~- wase No. o
KOS4 .. .o — Chrome (bius) shevings ger by he 2 dummwmmwwa-mm/m m
L mmmwmwmummmnu:mm and sheartng.
NOSB . _ _ __ Buifing dust g by e (o *—anmmummmwmwmam m
e mwmwmummmm o
X058 Sowsr X by e 0 uum w and ] y. haw puip/civome an/reenv/wet  (T)
A mmwmwmmmmnmmm the-tiue; and g
) X087 by %o of he m g and finhing inch. har puip/chrome twv  (T)
— mmmwmwmummmﬁmMmmmnnm ~—~
N K058 by e ) subcategonss of the lesther tanreng and fireshing INdusty: har Dulp/clrome an/ R T .
R : wummwmwm-utﬂ:uw )
> X059 oiowner Vesimend sciges by the foliowing subcategory of the leather tanveng and frsheng y: har sove/ L)
; won and Steet
) X080 A sl irme shucige rom a m .
= e = o 5
A X080 Shudge from kme veasnent of spent pickie Sour from el rvarwng m -
\ Primary Copper: KOB4______ ACd plant biowdown siurry/ siuge resuling rom the thickening of biowdowa shavy #rom prmery CODper or m
T m nu: K086, sokds n and dredged ot pr 9 m
Iy KOSS.._... Shatge rom of and/or acxd plant biowdown from prmary zinc p m
~os os7 VEC aNn00e almes/Shudges FOM PIAMAry Hnc g m .
S N X089 ‘-‘ plant lsach resicdus (Fon cmde) YoM prvngry 2ZnC m "
e Laat KOOSO Conirol dust/shuige rom secondery leed emehing m
o .
‘ § 261.33 Discarded Commercial Chemical  intermediate having the generic name ~Contnusd ii
~— Products, me Species, lsi:ted in paragraphs (e) or (f) of this '
Containers, Residues Thersot. ction. Hazardow Subsrance *
ey The following materials or items are [Comment: The phrase “commercial - o
‘ \Q‘\ hazardous wastes if and when they are  chemical product or manufa 004 Alan n
; :.}: . discarded or intended to be discarded: chemical intermediate having the Algmycin sse POS2
g . A POOS...__. Ayt aicohol
s (a) Any commercial chemical product.  generic name listed in . . .” refers to a POOS____ Akurniruam phospivde (F)
N ! ca —_
% :: mnnuu!;actunng c.hcmicﬁ ti:.t;rmedhtc chemical substance which is MVTmo P37 o
ving the generic name listed in actured formerkssmndogtuss -
.~‘ - paragraphs {e) ot {f) of this section. mc:::,f.,.dd "ﬁ:mm& It Poce “Amirapyrdne e
e {b) Any off-specification commercial : Ammonkum wewveradese sse P119 ’
o chemical product or manufacturing does not refer to a material, such as a POOS___ Amemonism prorats (R)
L manufs roces ANTRMUCIN WDR see POS2
e chemical intermediate which, if it met tains P,h » waste, uﬁ“‘d ; ANTURAT sea POTD
et specifications, would bave the generic pco.nnm h.: y of the nw;tmm sted in AT oo o0 .
o name listed in paragraphs (e) or (f) of phs (e) or (f). Where a POTO___ Arsersc acsd i
. this secti manufacturing process waste is deemed gy T eenic permomde
} (c;MyO:ontmu or inner liner to be a b:us w.::t‘ted use it poE— ASvombin see POD1 ~y
AN . contains s substance listed in o g
remaved from e container thathas been  paragraphs (o) or (1), such waste will be Adrawrs sou PO84 5
used A 3.': pry d"m‘.w listed in either §§ 261.31 or 261.32 or will AZOPOS see PoB1 -
o P”d“‘:‘d‘:' tl:.h: lcm';ing emi be identified as a hazardous waste by BANTU see POT2
O um:t.:inm o "':3(’) :f‘m“:’:z:;m‘ the characteristics set forth in Subpart C P03 Seamomse .
- unless: P on. OIMMI . ; BCME sve POS -
- {1) The container or inner liner has (e) The commercial chemical products ~ *'-— So0me ) ”
been triple rinsed using a solvent or mani chemical g Saryl ot
-~ capable of removing the commercial intermediates, referred to in paragraphs BUADANA sa POTS
L chemical product or manufacturing (a) through (d) of this section. are POVT___ Bromosceone
e chemical intermediate: identified as acute hazardous wastes e o
s (2) The container or inner liner has (H) and are subject to the small quantity T BUFEN eee POR2
V.. been cleaned by another method that exclusion defined in § 261.5(c). These P20 m‘x&-«
AN has been shown in the scientific ;"‘“I‘“d their a:mamdingﬂ A Po21 " Calcuen opersde -
o M literature, r by tests conducted by the ous Waste Numbers are: P22 Caroon g -
il generator, to achieve equivalent CERESAN see POS? pox2
AR removal; or Hazercous Substance ' m": phips EU"'! v!m. ™
= un(3) lux: the case of a container, the inner ™Mo GHEMOX PE 300 P00 Fozo
A er that prevented contact o the CHEM-TOL see P00
oy commercial chemical product or 1081 s POR? m: m
o' . manufacturing chemical intermediate (Acstaojphenyimerasry ";o:.“ﬂ PO2S___ 14p-Chvoroberaoyt)-S y-2 3
= with the container, has been removed. POO1 . Halphe Nt it T \mm .
!f (d) Any residue or contaminated soil. [l POZT ___ 3-Chioroproponarte .a
water or other debris resulting from the  pos—— amam2-howee o~ Sora-Chuorockmne '
e cleanup of a spill, into or on any land or Agann see POTT T CRETOX sse P108
i water, of any commercial chemical proswibesddooding Couradin ese P01 o
AL product or manufacturing chemical Aiten soe POSS P30 m hadacd :
Jaee AR
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Hazardous Substance * Hazardous Suosance ' ; Hazesdous Substance *
wasie No. waste No. “ waste No
MALIK see POSO | P102..... 2-Propyn-1-0
MAREVAN see POO? | PROTHROMADIN See POO1
MAR-FRIN see POD1 : QUICKSAM see P092

DMMETATE see PO

1.4:5.8-Dimsthancnaphihalens, 12.3.4.10.10-
heicioro-1,4,40.5.0.8e-hexahydro endo,
ondn see POSO

Oimethone
3.3-Otmattnyt- 1 4mathyfihio)-2-butenons-O-
(imethyiamnsicarbornyl) curme

FASCO FABCRAT POWDER see PO01
FEMMA so0 PODY

POBS ... Femic Cyanide

POSE . Fuonme

POS7 . 2-Foroscstamide

POGS ... Fuoroacenc acid, sodiumm selt
FOLODOL-80 see FO71
FOLODOL M sse POT1 R
FOSFERNO M 30 see PO71
FRATOL seo FOSS

. 1.23.4,10,10-Hemachioro-1,4,40.5.9.80-
hexstwagro-1.458-endo, endo-dmethanonaph-

1.4567,7. ychic-$- 2.3-
dmethenol silte see POSO

MARTIN'D MAR-FRIN see POO1

QUINTOX see PO37
RAT AND MICE BAIT see POO1
RAT-A-WAY sse POOY
RAT.8-GON ses POO1
AAT.O-CIDE #2 see POOY
RAT-GUARD see POO1
RAT-KILL see POOY
RAT-MIX see POO1
RATS-NO-MORE see PO0Y
RAT-OLA ses POOY
RATOREX see POO1
RATTUNAL see POO1
RAT-TROL see POO1
RO-DETH sse POOY
RO-DEX see P108
ROSEX saw POOY
ROUGH & READY MOUSE MiX see POO1
SANASEED see P108
SANTOBRITE see POS0
SANTOPHEN ees POS0
SANTOPHEN 20 see PO
SCHRADAN see POSS
P103......... Selenourea
P104........ Siver Cyanie
SMITE see P105
SPARIC see PO20
SPOR-KIL see P02
SPRAY-TROL BRAND RODEN-TROL see POO1
SPURGE see PO20

P107...... Strontum mulide

POse N-Na Y P08 Stychrne and sals
NYLMERATE soe POS2

: OCTALOX sew POS7

POSS ..
QCTAN see POO2

POSS.— Olayl aloshal condensed with 2 moles ethylens
OMPA see POBS
OMPACIDE soe FOBS P100.......
OMPAX see POBS P110..........

POST . Oumium tevrouide Lo ] ) I -

P88 ... 7-Owabicycio{2.2.1 Jhep 2.3 icacd | P112
PANIVARFIN see POO1
PANORAM D-31 see POI7
PANTHEININE seq PO07
PANWARFIN see PO0Y PH13........ Thac omde

POSS ... Thellum peromde see P113
PCP see POSO Pr14..... Thallum seiente
PENNCAP-M see POT1 PSS Thalhum (T) sutlate
PENOXYL CARBON N see PO THIFOR see POS2

POR0._—_. Pentachiorophena THIMUL see POS2
Pentachiorophenats see POS0 THIODAN saa POSO
PENTAKILL see POOO THIOFOR see POS0
PENTASOL see POSO THIOMUL see POSO
PENWAR s POSO THIONEX see POSD
PERMICIDE see POSO THIOPHEN(T see POT1
PERMAGUARD see POSO P11§........ Thosermcirbazide
PERMATOX see POSO Thiosulten tonel see POSO
PERMITE see POSO 4 | } J— Thiurern
PERTOX sse POGO THOMPSON'S WOQO FiX see FPOS0
PESTOX W see POSS TIOVEL see POS0
PHENMAD see P0S2 P118.......... Tnchioromethanethuol
PHENOTAN see P020 TWIN UGNT RAT AWAY see POO1

PIED PIPER MOUSE SEED see P108

PODY.......... Polassum siver tysmade
PREMERGE see PO20
P100...... 1.2-Propanedol
sicohol eee P102
P1OY__ ..
c=-7

... inG phospiude (R.T)
ZOOCOUMARIN sse POO1
! The Agency mnchuied those rade names of whch it was
Swere, an omvsmon of 8 YOS NAME dORs NOt IMDly that The
» not The L]
1 1 18 hsled UNCEr S QENENC NEME
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(f) The commercial chemical products ‘
or manufacturing chemical
intermediates, referred to in paragraphs :(”""""
{a). (b} and (d) of this section, are " Lamocarpre
identified as toxic wastes (T} unless Lesd acemae
otherwise designated and are subject to ppootapensinnd
the small quantity exclusion defined in Maac anfryride
§ 261.5 (a) and [b). These wastes and Maleic frydrezide
their corresponding EPA Hazardous MEX Poraxe see U160
Waste Numbers are: Melohalan
Mevcury
Wethacryloririe
Methansthiol
UtSa____ Methanol
Mothapyriens
Mot sinohol see U154
corocarbonste
Shiorolorm eee U226
ULST .
Methyt chiorolormete see U158
Uise____ 48 Lis

v {2
UI1Se_—.. Methyt ethy! hetons (MEK) (LT
U160, Methyl ethy! ketons peroude (R)
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PART 264—STANDARDS FOR :
OWNERS AND OPERATORS OF “

e HAZARDOUS WASTE TREATMENT, “«
- STORAGE, AND DISPOSAL p
& FACILITIES '
4

.. Subpart O—Incinerators -
'.\ 1. The authority citation for Part 264 X

reads as follows:

. Authority: Sections 1008, 2002(a). and 3004
. of the Solid Waste Disposal Act, as amended i
l by the Resource Conservation and Recovery -

Act, as amended (42 U.S.C. 6905, 6912(a) and

6924). .
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2. 3ection 264.340 is amended by
revising paragraph (b). redesignating
and revising paragraph (c) as paragraph
(d). and adding new paragraph (c) to
read as follows:

§264.340 Applicability.

(b) After consideration of the waste
analysis included with Part B of the
permit application, the Regional
Administrator, in establishing the permit
conditions, must exempt the applicant
from all requirements of this Subpart
excepl § 264.341 {(Waste analysis) and
$ 264.351 (Closure),

(1) If the Regional Administrator finds
that the waste to be burned is:

(i) Listed as a hazardous waste in Part
261, Subpart D, of this Chapter solely
because it is ignitable (Hazard Code I,
corrosive (Hazard Code C), or both; or

(ii) Listed as a hazardous waste in
Fart 261, Subpart D, of this Chapter
solely because it is reactive (Hazard
Code R) for characteristics other than
those listed in § 261.23)(a) (4) and (5),
and will not be burned when other
hazardous wastes are present in the
combustion zone; or

(iii) A hazardous waste solely because
it possesses the characteristic of
ignitability, corrosivity, or both, as
determined by the test for
characteristics of hazardous wastes
under Pari 261, Subpart C, of this
Chapter; or

{(iv) A hazardous waste solely because
it possesses any of the reactivity
characteristics described by § 261.23(a)
(1). (2). (3). (6). (7). and (8) of this
Chapter. and will not be burned when
other hazardous wastes are present in
the combustion zone; and

{2) If the waste analysis shows that
the waste contains none of'the
hazardous constituents listed in Part
261, Appendix VIII, of this Chapter,
which would reasonably be expected to
be in the waste.

{c) 1f the waste to be burned is one
which is described by paragraphs
(BN (b3(3Yi). (bY(1)(iii). or (b}{1)(iv)
of this Section and contains insignificant
concentrations of the hazardous
constituents listed in Part 261, Appendix
VIiL, of this Chapter, then the Regional
Administrator may, in establishing
permit conditions. exempt the applicant
from all requirements of this Subpart,
except § 264.341 (Waste analysis) and
§ 264.351 (Closure). after consideration
of the waste analysis included with Part
B of the permit application. unless the
Regional Administrator finds that the
waste will pose a threat to human health
and the environment when burned in an
incinerator.

(d) The owner or cperator of an
incinerator may conduct trial burns
subject only to the requirements of
§ 122.27(b) of this Chapter (Short term
and incineralor permits).

3. Section 264.341 is amended by
revising paragraph (a) as follows:

§ 264.341 Waste analysis.

(a) As a portion of the trial burn plan
required by § 122.27(b) of this Chapter,
or with Part B of the permit application,
the owner or operator must have
included an analysis of the waste feed
sufficient to provide all information
re : iired by § 122.27(b}(2) or 122.25(b}{5)
of this Chapter. Owners or operators of
new hazardous waste incinerators must
provide the information required by
§ 122.27(b)(3) or 122.25(b)(5) of this
Chapter to the greatest extent possible.

4. Section 264.243 is amended by
revising paragraphs (b) and (c) to read
as follows:

§ 264.343 Performance standards.

. - . - *

{b) An incinerator burning hazardous
waste and producing stack emissions of
more than 1.8 kilograms per hour (4
pounds per hour) of hydrogen chloride
{HC}) must contro} HCI emissions such
that the rate of emission is no greater
than the larger of either 1.8 kilograms
per hour or 1% of the HCl in the stack
gas prior to entering any pollution
control equipment.

(c) An incinerator burning hazardous
waste must not emit particulate matter
in excess of 180 milligrams per dry
standard cubic meter (0.08 grains per
dry standard cubic foot) when corrected
for the amount of oxygen in the stack
gas sccording to the formula:

14 N
21-Y

P=Pa s

Where P, is the corrected concentration
of particulate matter, P, is the measured
concentration of particulate matter, and
Y is the measured concentration of
oxygen in the stack gas. using the Orsat
method for oxygen analysis of dry flue
gas, presented in Part 60, Appendix A
{Method 3). of this Chapter. This
correction procedure is to be used by all
hazardous waste incinerators except
those operating under conditions of
oxygen enrichment. For these facilities,
the Regional Administrator will select
an appropriate correction procedure. to
be specified in the facility permit.

5. Section 264 344 18 amenaded T
revising the titte and adid.ng new
paragraph (¢} as follows

§ 264.344 Hazardous waste incinerator
permits.
- . - * L]

(c) The permit for @ new hszardous
waste incinerator must establish
sppropriate conditions for each of the
applicable requirements of this Subpart,
including but not limited to allowable
waste feeds and operating conditions
necessary to meet the requirements of
§ 264.345, sufficient to coniply with the N
following standards:

(1) For the period beginning with
initial introduction of hazardous waste
to the incinerator and ending with
initiation of the trial burn, and only for
the minimum time required to establish
operating conditions required in §
paragraph (c)(2) of this Section. not to -
exceed a duration of 720 hours operating -
time for treatment of hazardous waste,
the operating requirements must be
those most likely to ensure compliance
with the performance standards of
§ 264.343, based on the Regional
Administrator's engineering judgment.
The Regional Administrator may extend
the duration of this period once for up to
720 additional hours when good cause
for the extension is demonstrated by the
applicant.

{2) For the duration of the trial burn,
the operating requirements must be
sufficient to demonstrate compliance N
with the performance standards of "
§ 264.343 and must be in accordance
with the approved trial burn plan;

(3) For the period immediately
following completion of the trial burn,
and only for the minimum period
sufficient to allow sample analysig, data
computation, and submission of the trial
burn results by the applicant, and
review of the trial burn results and
modification of the facility permit by the
Regional Administrator, the operating
reguiements must be those most likely
to ensure compliance with the
performance standards of § 264.343,
based on the Regional Administrator's
engineering judgement.

(4) For the remaining duration of the
permit, the operating requirements 1mus!
be those demonstrated. in a thal burmn oo
by alternative data specified in
§ 122.25(b)(5)(in) of this Chapter .«

|

sufficient to ensure complianae w o -
performance standards £ 8 00y
6 Secton 264 345w o
FEVISITIE Paragrapt (b 4
as follows

§ 264 345 Opersting g »

i
|




AD-A148 155  INSTALLATION RESTORATION GENERAL ENVIRONHENTRL
TECHNOLOGV DE\’ELOPHENT TAS. . (U) WESTON (ROY F> INC WEST
CHESTER P D ET AL. APR 84 DRXTH- TE CR 8427?
UNCLASSIFIED DRAK11-82- C 991?

EENREEEEN




- TR T el el AR A 3 e A o T R PR NEA R T T i ST Y ' e Db bl Tt ML ke i DA e . 0 iy pha 0 ul, Wl o LMk
#
o

-

)

)

FEEE
EEE l

=

B TR

A =] 7Y TP

.
at '\3;

.

P
oy

FEEREE

fd

)

4 b
j ‘
3 i

N '

MICROCOPY RESOLUTION TEST CHART
NATIONAL BURRAL-OF STANDARDS-1963-A

A A T ‘ ' s KR, SR R T X, "-;.-:;,;-_-A\,\:.'-;.-;~-;~r-_'.wn:J



q "
y) ; ;
. Federal Register / Vol. 47, No. 122 / Thursday, June 24, 1962 / Rules and Regulations 27533
! g‘,“ pee
VY - {c) During start-up and shut-down of
an incinerator, hazardous waste (except
] wastes exempted in accordance with
K. . § 204.340) must not be fed into the
L incinerator unless the incinerator is
W operating within the conditions of
% . operation'(temperature, air feed rate,
5 Ry etc.) specified in the permit.
‘\‘ M ) [ ] * * *
2. Section 264.347 is amended by
. revising paragraphs (a)(1) and (b),
o g redesignating paragraph (c) as
SEERS. paragraph (d), and adding new
; paragraph (c) as follows:
2 ﬁ $264.347 Monltoring and inspections.
‘4! L a en s .
- {l)) Cembustion temperature, waste
! feed rate, and the indicator of
YIS combustion gas velocity specified in the

i

facility permit must be monitored on a
continuous basis.
* L] * L ] *

(b} The incinerator and associated
equipment (pumps, valves, conveyars,
pipes, etc.) must be subjected to
P thorough visual inspection, at least
daily, for leaks, spills, fugitive

-t

L _ &

i :
A emissions, and signs of tampering.
v (c) The emergency waste feed cutoff
# system and associated alarms must be
“ tested at least weekly to verify
. ! operability, unless the applicant
SR demonstrates to the Regional
X Administrator that weekly inspections
., will unduly restrict or upset operations
'f ) and that less frequent inspection will be
RN, adequate. At a minimum, operational
¥ testing must be conducted at least
nonm_ll{.”
] (d) This monitoring and inspection
W data must be recorded and the records
e must be placed in the operating log
n required by § 264.73.
)
-

: 9 A

b Vs e rar ) o0
P2

c-15

PN St AT, KR CRE A Ay ) Py




Wl CLIAILr, I

RSl Sl

o Lo
SRR L Wad

| Vot .

8k 3 et boE e ey

e

Fd

e e
U1

3.

3

40 CFR, PART 264

= STANDARD FOR OWNERS AND OPERATORS OF HAZARDOUS WASTE
i TREATMENT, STORAGE, AND DISPOSAL FACILITIES

u- SUBPART O - INCINERAT ION

. SECTIONS 264.10 - 264. 351

23 JANUARY 1981

ool e

4554A

H
8
B

n WGV = ag O %S ‘sl R T TR T R - C. ) .
BEASLLS A Lo LB T S e M Wt T W uh‘u % .l‘a'@.. R A O 1‘ X . L AR SNSRI .



=t

-
]

S

A
)

":"'l

7y |

'.JQ.J-

()

"4

.
K.

>

)
P

m Yo la r‘:"

““:““ AT,

.‘ LA S x .~.$--'.s.\.\. $...-.‘
P W A 1 J

Federal Register / Vol. 46. No. 15 / Friday. January 23, 1881 / Rules and Regulations

1. In § 264.10, paragraph (b) is revised
to reed as follows: o

§ 264.10 Applicablity.

(b) Section 284.18(b) is applicable only
to facilities subject to ation under
Part 264, Subparts L ], K. L. and O.

2. In § 264.13, paragraph (b)(8) is
revised to read as follm'v’-:

§264.13 General waste anslysls.
)."

(6) Where applicable, the methods
which will be used to meet the
additional waste analysis requirements
for specific waste management methods
as specified in §§ 264.17 and 264.341.

L] * * [ ) [ ]

3. In § 264.15, paragraph (b){4) is
revised to read as follows:

§$2684.18 Genersl ingpection requirerments.
) oo e

{4) The frequency of inspection may
vary for the items on the schedule.
However, it should be based on the rate
ofpadblod-mlﬂonoﬂlnd

an

equipment and the probabili
mlmmulwhmh:lvlh incident

schedule must include the terms and
frequencies called for in §§ 284.17¢,
264.104, 204.220, 204.254, and 204.547,
where applicable.

4. In § 264.73, paragraph (b) is
amended by revising ph (b)X3).

new (b)e). and

redesignating (gmmph (b)e) and (DX?)
88 (b)(7) and (b)(8) respectively revised
to regd as follows:

§284.73 Operating Revord.

{3) Records and results of waste
analyses performed as specified in
§8 204.13, 264.17, and 264.341;

. * L] ]

{6) Monit tes lytical
data whnoﬂnqn:hdmaz::r “

(7) For off-site facilities, notices to
gen:eraton as specified in § 264.12(b);
a )
(8) All closure cost estimates under
§ 264.142, and, for disposal facilities, all
post-closure cost estimates under
§ 264.144.

8.1n § 264.112, paragraph (a} and
rrunph (a)(1) sre revised to read as
ollows: i

§ 264.112 Closure plan; amendment of
plan. :

(a) The owner or operator of a
hazardous waste mansgement facility
must have a written closure plan. The
plan must be submitted with the permit
application, in accordance with
§ 122.28(a)(13) of this Chapter, and
approved by the Regional Administrator
as part of the permit issuance

under Part 124 of this
Chapter. In accordance with § 122.29 of
this Chapter, the approved closure plan
will become a condition of any RCRA
pernmit. The Regional Administrator’s
decision must assure that that approved
closure plan is consistent with
§§ 204.111, 204.113, 264.114, 264.115 and
the applicable requirements of
§8§ 204.178, 204.107, 204228, 204258, and
284.351. A copy of the
and all revisions to the

description must identify the maximum
extent of the operstion which will be
unclosed during the life of the faclity,
and how the requirements of §§ 264.111,
204.113, 264.114, 204.113, and the

ble closure requirements of

§§ 204.178, 204.197, 264228, 204.258, and
204.381 will be mat;

[ ] ] . . L

6. In § 284.142, paragraph (a) is
revised (o0 read as follows:

§ 264.142 Coot estimate for faciity
olosure.

(a) The owner or operator must have a

| written estimate of the cost of closing

the facility in accordance with the
requirements in §§ 264.113-204.115 and
applicable closure requirements in

§§ 204.178, 264.107, 264.228, 264.258, and
264.351. The owner or operator must
keep this estimate, and all subsequent
estimates required in this Section, at the

c-17

T L, S 0 3 S S S s

facility. The estimate must equal the
cost of closure at the point in the
facility's operating life when the extent
and manner of its operation would make
closure the most expensive, as indicated
by its closure plan [see § 264.112(a)).

[Comment: For example, the closure
cost estimate for a particular landfill
may be for theleoﬂ of closure when its
active disposal operstions extend over
20 acres, if at all other times these
operations extend over less than 20
acres. The estimate would not include
costs of partial closures that the closure
plan schedules before or after the time
of maxtmum closure cost.)

7. In 40 CFR Part 264, Subpart O is
added to read as follows:

standards.
204.344 Now wastes: Trial bums or permit
204.545 Opmﬂn.nqinmmnh.
204.348 [Reserved)
204.347 Monitoring and inspections.
204.340-204.550 (Reserved]
264351 Closure.
264.352-204.990 [Reserved)

Subpart O—incinerators

§264.300 Applicabitty.
(a) The regulations in this Subpart
apply to owners and operators of

‘facilities that incinerate hazardous

waste, except as § 264.1 provides
therwise.

o

(b) If the Regional Administrator

after an examination of the waste

analysis included with Part B of the
applicants permit application, that the
waste to be burned:
" (1) Is either (i) listed as & hazardous
waste in Part 201, Subpart D, of this
Chapter only because it is ignitable
(Hazard Code I) or, (ii) that the waste
has been tested against the
characteristice of hazardous waste
under Part 261, Subpart C, of this
Chapter and that it meets only the
ignitability characteristic; and

(2) That the waste analysis included
with Part B of the permit application
includes none of the hazardous
mm\mm listed in Part 261, Appendix
then the Regional Administrator may, in
establishing the permit conditions,
exempt the applicant from all
requirements of this Subpart except
§ 264.341 (Waste Analysis) and
§ 264.351 (Closure).

'.
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(c) The owner or operator of an
incinerator may conduct trial burns,

: subject only to the requirements of

) § 122.27(b) of this Chapter (Tria! Burn

':,'::3 Permits).
R §264.341 Waste analysis.
o (a) As a portion of a trial bumn plan
O required by § 122.27(b) of this Chapter,
: or with Part B of his permit application,

the owner or operator must have
included an analysis of his waste feed
sufficient to provide all information
required by § 122.27(b)(2) or

§ 122.25(b)(5) of this Chapter.

(b) Throughout normal operation the
owner or operator must conduct
sufficient waste analysis to verify that
waste feed to the incinerator is within
the physical and chemical composition
limits specified in his permit (under
§ 204.345(b)). ‘

§ 264.342 Principal organic hazardous
constiuents (PONHCs).

{a) Principal Organic Hazardous
o Constituents {POHCs) in the waste feed

aE must be treated to the extent required
‘ by the performance standard of
iy § 264.343.
a (bX1) One or more POHCs will be
- specified in the facility's permit, from
among those constituents listed in Part
., 261, Appendix V11 of this Chapter, for
) each waste feed to be burned. This
specification will be based on the
ry degree of difficulty of incineration of the
organic constituents in the waste and on
‘a their concentration or mass in the waste
Bt feed, considering the results of weste
analyses and trial burns or alternative
. data submitted with Part B of the
facility’s permit application. Organic
constituents which represent the
greatest degree of difficulty of
incineration will be those most likely to
be designated as POHCs. Constituents
are more likely to be designated as
POHC:s if they are present in large
quantities or concentrations in the
waste.

(2) Trial POHCs will be designated for
performance of trial bums in accordance
! with the procedure specified in
- § 122.27(b) of this Chapter for obtaining
trial burn permits. .

§ 204.343 Performance standards.

An incinerstor burning hazardous
waste must be designed, constructed,
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v and maintained 50 that, when operated
Wiy in accordance with operating
o requirements specified under § 264.345,
, it will meet the following performance
';s‘ standards:
X {a) An incinerator burning hazardous
) waste must achieve a destruction and
v.'\{ removasl| efficiency (DRE) of 99.99% for
"s' esch principal organic hazardous
N
%
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constituent (POHC) designated (under
§ 264.342) in its permit for cach waste
feed. DRE is determined for each POHC
from the following equation:

DRE = (Win - Wout) x 100%
"Ln

Where:
Wy =Mass feed rate of one principal
organic hazardous constituent (POHC) in
:h:d waste stream feeding the incinerstor,

Weu=Mass emission rate of the same
POHC present in exhaust emissions prior
to release to the atmosphere.

(b) An incinerator burning hazardous
waste containing more than 0.5%
chlorine must remove 99% of the
hydrogen chloride from the exhaust gas.

(c) An incinerator burning hazardous
waste must not emit particulate matter
exceeding 180 milligrams per dry
standard cubic meter (0.08 grains per
dry standard cubic foot) when corrected
for 12% CO,, using the procedures
presented in the Clean Air Act
regulations, “Standards of Performance
for Incinerators™, 40 CFR 00.50,
SubpartE.

(d) For puriposes of permit
cnfore;:;cnt. compliance with etl;em the
operating requirements specifi
permit (under § 264.345) will be regarded
as compliance with this Section.
However, evidence that compliance
with those permit conditions is
insufficient to ensure compliance with
the performance requirements of this
Section may be “information” justifying
modification, revocation, or reissuance
of a permit under § 122.15 of this
Chapter.

§ 264.344 New wastes: trial bums or
permit modifications. .

(=) The owner or operator of a
hazardous waste incinerator may burn
only wastes specified in his permit and
only under operating conditions
specified for those wastes under
§ 264.345, except:

(1) In approved trial burns under
§ 122.27(b) of this Chapter: or

{2) Under exemptions created by
§ 264.340.

(b) Other hazardous wastes may be
burned only after operating conditions
have been specified in 8 new permit or a
permit modification as applicable.
Operating requirements for new wastes
may be be based on either trial bum
resuits or alternative data included with

c-18
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Part B of a permit application under
§ 122.25(b)(5) of this Chapter.

§ 264.345 Operating requirements.

&l

(8) An incinerator must be operated in -

accordance with operating requirements
specified in the permit. These will be
specified on a case-by-case basis as

those demonstrated (in a trial burn or in :~~

alternative data as specified in

§ 264.344(b) and included with Part B of
a facility's permit application) to be
sufficient to comply with the
performance standards of § 264.343.

(b) Each set of operating requirements
will specify the composition of the
waste feed {including acceptable
variations in the physical or chemical
properties of the waste feed which will
not affect compliance with the
performance requirement of § 264.343) to
which the operating requirements apply.
For each such waste feed, the permit
will specify acceptable operating limits
including the following conditions:

(1) Carbon monoxide (CO) level in the
stack exhaust gas;

(2) Waste feed rate;

(3) Combustion temperature;

(4) Air feed rate to the combustion
system; :

(5) Allowable variations in incinerator
uy:ltem design or operating procedures;
an
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{6) Such other operating requirements

as are necessary to ensure that the
performance standards of § 264.343 are
met.

{c) During start-up and shut-down of
an incinerator, hazardous waste (except
ignitable waste exempted in accordance
with § 264.340) must not be fed into the
incinerator unless the incinerator is
operating within the conditions of
operation (temperature, air feed rate,
etc.) specified in the permit.

(d) Fugitive emissions from the
combustion zone must be controlied by:

(1) Keeping the combustion zone
totally sealed against fugitive emissions;

or

(2) Maintaining a combustion zone
pressure lower than atmospheric
pressure; or

(3) An alternate means of control
demonstrated (with Part B of the permit
application) to provide fugitive
emissions control equivalent to
maintenance of combustion zone
pressure lower than atmospheric
pressure.

(e) An incinerator must be operated
with a functioning system to
automatically cut off waste feed to the
incinerator when operating conditions
deviate from limits established under
paragraph (a) of this Section.

(f) An incinerator must cease
operation when changes in waste feed,
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incinerator design, or operating
conditions exceed limits designated in
its permit.

§264.348 [Reserved]

§ 264.2347 Monltoring and Inspections.

(a) The owner or operator must
conduct, as a minimum, the following
monitoring while incinerating hazardous
waste:

{1) Combustion temperature, waste
feed rate, and air feed rate must be
monitored on a continuous basis.

(2) CO must be monitored on a
continuous basis at a point in the
incinerator downstream of the
combustion zone and prior to release to
the atmosphere.

(3) Upqn request by the Regional
Administrator, sampling and analysis of
the waste and exhaust emissions must
be conducted to verify that the operating
requirements established in the permit
achieve the performance standards of
§ 264.343.

(b) The incinerator and associated
equipment (pumps, valves, conveyors,
pipes. eic.) must be completely
inspected at least daily for leaks, spills,
and fugitive emissions. All emergency

_ waste feed cut-off controls and system

alarms must be checked dally to verify
proper operation.

{c) This monitoring and inspection
data must be recorded and the records
must be placed in the operating log
required by § 264.73.

§§ 264.248-264.350 [Reserved)

§ 264.351 Closure.

At closure the owner or operator must
remove all hazardous waste and
hazardous waste residues (including.
but not limited to, ash, scrubber waters,
and scrubber sludges) from the
incinerator site.

{Comment: At closure, as throughout
the operating period, uniess the owner
or operator can demonstrate, in
accordance with § 201.3(d) of this
Chapter, that the residue removed
the incineratar is not a hazardous waste,
the owner or operator becomes a
generator of hazardous waste and must
manage it in accordance with applicable
requirements of Parts 282-288 of this
Chapter.}

$§ 264.362-264.099 [Reserved]

PART 265—INTERWM STATUS
STANDARDS FOR OWNERS AND
OPERATORS OF HAZARDOUS WASTE
TREATMENT, STORAGE, AND

1.In § 288.73. pa (b)}3) is
revised 10 read as mp:l

§265.73 Operating record.

(3) Records and results of waste:
analysis and trial tests performed as
specified in §§ 265.13, 265.193, 265.225,
265.252, 285.273, 265.341, 265.375, and
265.402;

2. 40 CFR Part 265, Subpart O, is
revised to read as follows:

Subpart O—incinerators

Sec.

285.340 Applicability.

265.341 Waste analysis.
205.342-206.344 served)

265.345 General operating requirements.
205348 [Reserv:

§265.340 Applicabliity.

(a) The regulations in this Subpart
apply to owners or operators of facilities
that treat hazardous waste in
Incinerators, except as § 265.1 and

paragraph (b) of this Section provide
otherwise.
) Incineration of wastes which:

, g’) Meet only the ignitability
chara

cteristic under Part 261, Subpart C,

this Chapter, or

(2) Are listed in Part 261, Subpart D, of
this Chapter for ignitability only
(Hazard Code I),
are exempted from the requirements of
this Subpart, except § 265.351, if the
owner or operator can document that
the waste feed would not reasonably be
expected to contain constituents listed
in Part 261, Appendix VIl of this
Chapter. Such documentation must be in
writing and must be kept at the facility. -

§205.341 Waste analysie.
In addition to the waste analyses
by § 205.13, the owner or
operator must sufficiently analyze any
waste which he bas not previously
burned in his incinerator to enable him
“to establish steady state (normal)
operating conditions (including waste
and s fuel feed and air flow) and
to determine the type of pollutants
which might be emitied. At 8 minimum,
the analysis must determine:
(a) Heating value of the waste;
Halogen content and sulfur content
in the waste: and
(c) Concentrations in the waste of
lead and mercury, unless the owner or
operator has written, documented data
that show that the element is not
present.
{Comment: As required by § 268.73,
the owner or operator must place the
results from each waste nmfym. or the

. either automatically or by the operator.

documented information, in the
operating record of the facility.}

§5 265.342-265.344 ([Reserved)

§265.345 General operating requirements.

During start-up and shut-down of an
incinerator, the owner or operator must
not feed hazardous waste unless the
incinerator is at steady state (normal)
conditions of operation, including steady
atate operating temperature and air

ow.,

§$ 205.348 [Reserved)

§ 265.347 Monitoring and inspections.

The owner or operator must conduct, 1
as a minimum, the following monitoring !
and inspections when incinerating
hazardous waste:

(a) Existing instruments which relate
to combustion and emission control
must be monitored at least every 15
minutes. Appropriate corrections to
maintain steady state combustion
conditions must be made immediately

Instruments which relate to combustion
and emission control would normally
include those meas: waste feed,
auxiliary fuel feed, air flow, incinerator
temperature, scrubber flow, scrubber
PH, and relevant leve! controls.

(b) The stack plume (emissions) must
be observed visually at least hourly for
normal sppearance (color and opacity).
The operator must immediately make
any indicated corrections necessary to
return visible emissions to their normal
appearance.

(c) The complete incinerator and
associated equipment {(pumps, valves,
conveyors, pipes, etc.) must be inspected
at least daily for leaks, spills, and
fugitive emissions, and all emergency
shutdown controls and system alarms
must be checked to assure proper

operation.
§§ 265.340-285.350 [Reserved)

§ 205.35t Closure.

At closure, the owner or operator
must remove all hazardous waste and
hazardous waste residues (including but
not limited to ash, scrubber waters, and
scrubber sludges) from the incinerator.

[Comment: At closure, as throughout
the operating period, unless the owner
or operator can demonstrate, in
accordance with § 281.3(d) of this
Chapter, that the residue removed from
his incinerator is not a hazardous waste,
the owner or operator becomes 8
generator of hazerdous waste and must
manage it in accordance with all
applicable requirements of Parts 262-208
of this Chapter.)] .
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APPENDIX D

MOLECULAR STRUCTURE OF THE EXPLOSIVES
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CHa NO:2
O:N NO:2
C7HsN31Os CeHsNO:2
TNT NB
NO:2
2,4,6 Trinitrotoluene Nitrobenzene
NO2 : CHs
Ve O:2N NH
OQN\N /—N 2
L CaHsNsOs CrH7NsO«
N
HMX N—r""NO: 2-Amino
NO2 NO2
1,3,5,7-Tetranitro-Octahydro-1,3,5,7-Tetracyclooctane 2-Amino-4,6 Dinitrotoluene
NlOz CHs
’/ NW O:2N2 NO:
N N CaHeNeOs CrHeN204
NO2” N “NO2
RDX 2,6 DNT
1,3,5-Trinitro, Hexahydro-1,3,5-Triazine 2,6-Dinitrotoluene
NO2 CHs
NO:2
TNS
CeH3N1Os CrHsN204
NO: NO: 2,4 DNT
NO2
1.3,5-Trinitrobenzene 2.4-Dinitrotoluene
N?z
NO: CHs =N
O:2N NO2
DNB No,  CtHeNiO: Tetry! CrHsNsOs
NO:
1,3-Dinitrobenzene Tetranitromethylaniline

TABLE D-1 MOLECULAR STRUCTURE OF EXPLOSIVES
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